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(54) METHOD AND SYSTEM FOR TRANSMITTING DATA 



(57) In transmitting a plurality of data arranged in a 
time series of a first period (7), there is formed, every 
predetermined second period (SF) longer than the first 
period (T), a packet containing a plural number (x) of 
data supplied within a given cycle of the second period 
(SF)- At that time, one data is specified from among 
every group consisting of a fixed number (M), not 
smaller than two. of the data, and time information indic- 



ative of a time position of the specified data is attached 
to the packet which the data belong to. A receiving-end 
unit reproduces the data, by reproducing the respective 
time positions, i.e. the first period (T), of the individual 
data on the basis of the time information contained in 
the received packet 
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Description 

Technical Field: 

[0001 ] The present invention relates generally to data 
communication methods and systems which, via a com- 
munication network, transmit a plurality of data, such as 
digital audio data, arranged in a time series of a prede- 
termined period. More particularly, the present invention 
relates to a data communication method and system in 
which data are arranged at a transmitting end in such a 
format that allows a receiving end to accurately repro- 
duce a time-positional relationship between the individ- 
ual data. 

[0002] The present invention also relates to data 
transmitter/receiver devices and data communication 
systems which communicate time-stamped data via a 
communication network. 

[0003] The present invention further relates to data 
communication systems which receive time-stamped 
data from a segment on a communication network and 
then transfer the received data to another segment on 
the communication network. 
[0004] Furthermore, the present invention relates to 
methods of and devices for synchronizing network data. 

Background Art: 

[0005] Data communication systems using a commu- 
nication network can be classified roughly into synchro- 
nous and asynchronous types. The synchronous-type 
data communication system allows the transmitting end 
and receiving end to operate synchronously with each 
other and hence is well suitable for use in an audio data 
transmission that requires an accurate reproduction, at 
the receiving end, of time positions of received data. 
However, the conventionally-taiown synchronous-type 
data communication system only has a very limited use 
because it needs particular arrangements to permit syn- 
chronization between the two ends, such as provision of 
a separate synchronizing signal line, and also has to 
statically maintain a communication band due to the 
synchronization. This would result in the communication 
band unnecessarily remaining reserved even when a 
synchronized communication is not required at all, and 
therefore a significant problem would be encountered 
that the no other information can be transmitted through 
the communication band 

[0006] In contrast the asynchronous-type data com- 
munication system can avoid the above-mentioned 
problem encountered by the synchronous-type data 
transmission by dynamically reserving a necessary 
communication band, but would present another prob- 
lem of reduced communication efficiency unless com- 
munication overheads are reduced by organizing 
together some pieces of information relatively densely 
in each asynchronous packet to be issued. Such a 
packet with the densely organized information would. 



however, often lose Information indicative of original 
time positions of the incfvidual data. To avoid this prob- 
lem, it has been proposed, in the packet-based data 
transmission, to transmit data along with additional 

s information indicative of time positions of the data; 
namely, the data and time information — commonly 
called "time stamp"-- indicative of respective time posi- 
tions of the individual data are included together in a 
packet to be sent from the transmitting end. 

w [0007] However, the proposed approach of attaching 
the time information to each individual data would lead 
to very poor efficiency because of a significant increase 
in the total data quantity. 

[0008] As another communication scheme forcommu- 
15 nicating data via a communication network, there has 
been known an "isochronous" data communication sys- 
tem, which can be referred to as a conpromise between 
the above-mentioned synchronous-type data communi- 
cation system characterized by successive transmis- 
20 sion of same-period signals between the transmitting 
and receiving ends and the asynchronous-type data 
communication system characterized by intermittent 
communication of predetermined information units. This 
isochronous data communication system permits data 
25 communication with increased real-time responsive- 
ness where possible time delays are well compensated 
for by securing a necessary frequency band in advance. 
[0009] The following paragraphs describe in more 
detail the isochronous data axnmunication system with 
30 reference to Fig. 25. This figure shows exemplary 
arrangement of packets on a system bus called 
"IEEE1394 high-speed serial bus"; specifically, three 
different kinds of packets, i.e., a cycle start packet 101. 
isochronous packet 102 and asynchronous packet 103, 
35 are provided on a communication network Each dotted 
fine in Fig. 5 denotes a first timing signal (cycle synch) 
indicating reference timing in the system, which has a 
period of 125 usee. (8 KHz). 
[0010] The cycle start packet 101 is sent from one of 
40 a plurality of nodes connected to the bus which is called 
a cycle master node, and a new data transmission cycle 
is initiated with the cycle start packet 101. The has a 
precise clock pulse source that generates the first tim- 
ing signal. The cycle start packet 101 is normally trans- 
45 mitted at time intervals corresponding to generation 
timing of the first timing signal; however, when another 
packet is being transmitted, transmission of the cycle 
start packet 101 is waited or delayed until transmission 
of the other packet has been completed. Reference 
so numeral 1 04 denotes a delay time with which transmis- 
sion of the cycle start packet 101 is delayed (start delay 
time), and this start delay time is included in the cycle 
start packet 101 in coded form and sent to each of the 
nodes. It is guaranteed that each packet sent from the 
55 node at a given clock period is received by another node 
within the same clock period. 
[0011] Each of the nodes is provided with a 32-bit 
cycle timer register. The cycle timer register uses its 
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lower 12 bits to count 24.576 MHz dock putee signals 
(with a period off 40.7 nsec.), which are generated as 
system's reference dock pulses, modulo 3,072. The 
cyde timer register uses other 13 bits, higher in position 
than the lower 12 bits, to count the above-mentioned s 
8kHz reference cycles, and also uses its uppermost 
seven bits to count seconds. Using the cyde start 
packet 101. the above-mentioned cyde master allows 
stored contents of its own register to be copied Wo the 
cyde timer registers of all the nodes, and also allows aO w 
the nodes to be synchronized with each other to within 
a given phase difference. Thus, in the c ommunication 
network, a common time standard is provided. 
[0012] The isochronous packet 102 is a daja riBnoeHfr 
used to trans fer data^ f equirtng prariga timing reforen^ is 
such as digital sound, video and performance dala. an d ^ 
it is guaranteed that each of the isochronous packets 
102 is transmitted within a predetermined t ^ffflTififiiftO 
cyde assodated therewith; for example, it is guaranteed 
that each of the isochronous packets 102 is transmitted, 20 
within the assodated transmission cyde, to up to 63 
channels for a maximum time period of 100 usee. 
[0013] F urther, the synchronous reti ffl* 103 is a 
packet which is transmitted asynchronously when there 
is an empty time in the assodated transmission cyde 25 
after completion of the transmission of the above-men- 
tioned isochronous packet 102. It is assumed here that 
the asynchronous packet has a maximum length of 75 
jisec. T he asynchronous packet continues to be trans- 
ferred until ail the data of the packet have been com- so 
p^tej yjrarsferred . so that it is likely that the transfero f 
this packet will continue b eyond the period of the cyde 
timer " " " ^ 
[0014] In order to guarantee reproducibility of data on 
the time axis in transmitting time-serial data, such as 35 
sound, video or performance data using any of various 
networks, the data are transmitted along with a time 
stamp indicative of a particular time point when the data 
are to be reproduced, if the transmission path is not 
capable of a completely synchronous communication. 40 
In this case, the receiving end refers to the time stamp 
and initiates the reproduction of the data upon arrival at 
the time point indicated by the time stamp. 
[001 5] Each time stamp used on such a communica- 
tion network must be interpreted in one meaning. 45 
Namely, the time stamp requires a cyclic period greater 
than a time length that is considered to be appropriate 
to some extent and therefore requires a great amount of 
information. Where information is in digital representa- 
tion, a large amount of information, i.e.. a great number so 
of bits, would be required to increase the resolution of 
time specified by the time stamp, because a large 
amount of information involves a great number of bits. In 
the illustrated example of Fig. 25. for example, there are 
employed 32-bit time stamps. 55 
[0016] In the above-mentioned communication tech- 
nique of the type which transmits data with time stamps, 
time stamp information has to be sent every predeter- 



mined period in addition to the data, and it is desirable 
that a proportion off the time stamp information to the 
transmitted data be as small as possfele. 
[0017] However, the number of bits allocated to each 
time stamp has to be increased in order to guarantee 
the one-meaning requirement of the time stamp and 
raise the resolution of the time represented by the time 
stamp, which would inevitably lead to reduced data 
transfer efficiency. 

G>018] Further, where data are gogfflpaotod hy fr™ 
stamp in&ration Irigratino a particular t ime point to 
process the data, it is posstole that the time stam p , at 
the time of arrival of the data at the r *coMnq*n$ id- 
eates an alrea dy lapsed time point due to nrncasrinn 
delays in tne networK intervening bridges and routers, 
etc. To avoid such an irxxxivenience, a gjffident 
number of time stamps Have to be attached taking into 
account possWe future extension of the network and 
the like. However, attaching sufficient time stamps 
would cause significant delays in data reproduction but 
also would require provision of a separate buffer, at the 
receiving end, for temporarily storing a large quantity of 
data. 

[0019] One possible way to reduce the necessary 
data quantity of the time stamps is to express them in 
relative values, which, however, would lose an original 
relative time-positional relationship between the individ- 
ual data if jitters are present in the transmission paths. 
[0020] As one example of the time stamp, there has 
been known the SMPTE time code which is a code 
defined by the "Society of Motion Picture and Television 
Engineers". According to the SMPTE time code 
scheme, 80-bit address data (comprising a time code 
represented by xx hours, xx minutes, xx seconds and 
xxth frame and a user bit) is attached to every frame of 
video data so that the address is used for editing and 
synchronized operation between a plurality of constitu- 
ent elements or devices. 

[0021 ] Also, with recent digitization of various multi- 
media and AV (Audio- visual) equipment it has been 
proposed to interconnect a plurality of multimedia- 
related devices via a communication network, such as 
the IEEE 1394 networK to thereby build a^muitin^ia_ 
system. 

[0022] I n order to transmit data, such as digital sound 
data or video data or performance data, requiring pre- 
^?®JlH!HG9-?^?!^ ce /J*J s necessary to guarantee accu- 
rate reproduci ibiljtyof jhese^topn.thj^tilm^jx^.. 
[0023T For exampie. in a multimedia system built by 
interconnecting, via network, a plurality of nodes haying 
respective specific functions, to perform planned proc- 
esses on data generated by some of the nodes, the 
generated data will be sent via a plurality of transmis- 
sion paths or routes to other nodes in such a way that 
the data pass through the individual nodes performing 
the corresponding processes. Accordingly, the inrJvid- 
ual data will arrive at the output node with different time 
delays due to different processing time periods in the 
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processing nodes located on the respective paths, so 
that rt is no longer possfcle to guarantee accurate repro- 
dudbflity of the data on the time axis. 

24] Such an inconvenience is dscussed more fully 
i reference to Fig. 26. The illustrated example of Fig. 
26 assumes that four nodes, i.e.. node 1 (N1) to node 4 
jj(N4) are interconnected via the IEEE1394 network. 
[Although the nodes can function as various devices 
I the multimedia system as noted earlier, it is 
: here that these nodes together constitute a 
single tone generating apparatus, where node 1 is a 
tone soiree device, node 2 an effector for imparting a 
vixato to a tone to be generated, node 3 an effector for 
imparting an panning effect to a tone to be generated, 
and node 4 a mixer for mixing together tone signals. 
[0025] In the tone generating apparatus arranged as 
above, node 1. functioning as the tone source device, 
outputs a plurality of tones every predetermined timing 
(i.e.. every frame). Let's also assume that the thus-gen- 
erated tones are generally classified into four different 
types: the first-type tone that is to be output directly; the 
second-type tone that is to be imparted a vixato; the 
third-type tone that is to be panned; and the fourth-type 
tone that is to be imparted a vibrato with subsequent 
panning, in such a case, the tone source device imple- 
mented by node 1 outputs each of the four types of tone 
data to a corresponding one of four channels of the net- 
work. 

[0026] To each of the other nodes, such as node 2, 
node 3 and node 4. is allocated a different network 
channel via which the node receives the data of the indi- 
vidual channels. Thus, each of these nodes actually 
reads in only the data of the channel allocated thereto, 
from among the data of the individual channels received 
via the network, and performs the predetermined proc- 
ess, such as the vibrato imparting, panning or mixing 
process, on the read-in data. When necessary, the node 
sends back the thus-processed data to the network. 
[0027] Fig. 27 shows exemplary arrangement of the 
channels on the network As shown, packets corre- 
sponding to the channels are arranged, on the time 
axis, with a gap interposed between the packets. Each 
of the packets comprises an arbitration segment P1, 
and a data packet segment P3 having data preface and 
data end segments P2 and P4 attached to opposite 
ends thereof. 

[0028] Note that each of the packets may be either an 
isochronously-transferred packet or a normal packet. 
[0029] In the tone generating apparatus having its 
constituent elements thus interconnected via the net- 
work, each of the generated tone data which is not to be 
subjected to the effect imparting process is sent from 
the tone source device implemented by node 1, via, for 
example, a first channel ch1 , directly to the mixer imple- 
mented by node 4 (see arrow A14). Each of the gener- 
ated tone data which is to be subjected to the 
reverberation process is sent from the tone source node 
N1. via. for example, a second channel, to node 2 func- 
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boning as a reverberation processing section (see arrow 
A12). Further, each of the generated tone data which is 
to be subjected to the panning process is sent from the 
tone source node N1. via, for example, a third channel, 
to node 3 executing the panning process (see arrow 
A13). 

[0030] The reverberation processing node or node 2 
determines that tone data of the second network chan- 
nel ch2 (A12) is to be received by that node N2, and 
thus reads in the tone data to perform a predetermined 
reverberation process on the read-in tone data Each of 
the tone data having undergone the reverberation proc- 
ess which is to be further subjected to the panning proc- 
ess is sent via the fourth channel cM to the panning 
processing node N3 (see arrow A123). On the other 
hand, each of the tone data having undergone the 
reverberation process which is to not be subjected to 
the panning process is sent by way of, for example, a 
fifth channel ch5 to the mixer node N4 (see arrow 
A124). 

[0031] The panning processing node N3 or node 3 
determines that the tone data sent from node 1 via the 
third channel ch3 (A13) and the tone data sent from 
node 2 via the fourth channel ch4 (A123) are to be 
received by the node N3, and thus receives these data 
to perform a predetermined panning process on the 
data After that the data received via the fourth channel 
ch4 and subjected to the panning process is sent from 
the panning processing node to node 4 via a sixth chan- 
nel ch6 (A1234), while the data received via the third 
channel ch3 and subjected to the panning process is 
sent from the panning processing node to node 4 via a 
seventh channel ch7 (A134). 
[0032] With the above-noted arrangements, the tone 
data generated by the tone source node N1 or node 1 
are sent to the mixer node N4 via four routes as follows: 
(1) the first route for the tone data sent tirectiy via the 
first channel (A14); (2) the second route for the tone 
data of the fifth channel ch5 having undergone the 
reverberation process in node 2 (A124); (3) the third 
route for the tone data of the sixth channel ch6 having 
undergone the reverberation process in node 2 and 
then the panning process in node 3 (A1234); and the 
fourth route for the tone data of the seventh channel ch7 
having undergone the panning process in node 3 
(A134). 

[0033] In the foregoing manner, each of the tone data 
generated by the tone source node N1 a node 1 is sup- 
plied to the mixer node N4 by way of one of the four dif- 
ferent routes; however, even the tone data generated at 
same timing from the tone source node N1 would reach 
the mixer node N4 or node 4 at different time points 
depending on the routes they took, because node 2 and 
node 3 require some time for execution of the respective 
processes. If the time necessary for the process in node 
2 is represented by a2 and the time necessary for the 
process in node 3 is represented by a3. the tone data 
passed through the second, third and fourth routes 
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would reach node 4 with time delays corresponding to 
the delay times a2, a2+a3 and a3. respectively. As a 
consequence, there would occur time differences in the 
data mixing by the mixer node N4. 
[0034] Although it has been simply stated above that s 
different arrival times of the tone data passed through 
the different routes are due to processing time delays in 
the individual nodes, the actual time for each of the 
nodes to send the data out to the network may, in fact, 
vary depending on a traffic condition on the network. io 
Besides, the time differences of the tone data arriving at 
node 4 tend to vary in many cases, because the 
processing time of each of the nodes is not necessarily 
constant 

1S 

Disclosure of the Invention: 

[0035] ft is therefore a first object of the present inven- 
tion to provide a data communication system which is 
suitably applicable to a case where a plurality of data, so 
s ucfxas digital audio date^arranqed in a time series of a 
predetermined period are transmitted from a transmit- 
ting end via a communication network in such a format 
that allows a receiving end to accurately reproduce an 
original time-positional relationship between the trans- 25 
mrtted data, and which, while allowing a user to enjoy 
the benefits of an asynchronous packet can effectively 
reduce a total quantity of transmitted data per packet by 
expressing, in minimized data quantity, time information 
to be contained in and transmitted with the packet 30 
[0036] The present invention also seeks to to provide 
a data communication system which can minimize a 
time delay that would occur between a transmitting end 
and a receiving-end. 

[0037] The present invention also seeks to provide a 35 
data communication system which, in a case where 
time information is expressed in reduced data quantity, 
can substantially simplify arithmetic operations carried 
out at a receiving end fa reproducing the time informa- 
tion. 40 
[0038] It is a second object of the present invention to 
provide a technique which is suitably applicable to a 
data communication system designed to transmit data 
with a time stamp attached thereto arx L whfch permi ts 
accur ate reprodu ction of the transmitted data on the 45 
time axis and also <^effectrvejy enr^c^ilata-trans- 
mission efficiency by reducing the total number of bits in 
the time stamp. 

[0039] It is a third object of the present invention to 
provide a data communication system which, in a case so 
where data is transmitted via a bridge and router, can 
reduce the number of bits i n a time stamp to be sent 
with i the date, can avoid a time delay in reproduction i of 
the fransmitted data, and also can avoid a loss of rela- 
tive time-positional relationship between the individual 55 
data. 

[0040] It is a fourth object of the present invention to 
overcome the above-discussed problems and thereby 



allow data, passed through a plurality of routes on a 
communication network, to arrive at a predetermined 
node in synchronism with each other. 
[0041] In order to accomplish the above-mentioned 
objects, a first aspect of the present invention provides 
a data communication method which comprises the 
steps of: 

(a) at a transmitting end, 



supplying a plurality of data arranged in a time 
series of a predetermined period; 
specifying one data from among every prede- 
termined number, not smaller than two, of the 
data supplied by the step of supplying and 
attaching to the specified data time information 
indcative of a time position of the specified 
data; and 

transmitting the predetermined number of the 
data supplied by the step of supplying and the 
\ time information attached to any one of the pre- 
i determined number of the data, together as a 
packet to a communication network, and 



(b) at a receiving end, 



receiving the packet via the communication 
network; 

temporarily storing the data contained in the 
received packet; and 

sequentially reading o ut the temporarily stored 
data and controlling sequential readout of the 
temporarily stored data on the basis of the time 
information contained in the received packet, to 
thereby allow the read-out data to be repro- 
duced with a period corresponding to said pre- 
determined period. 



[0042] According to the first aspect of the present 
invention, one particular data is specified from among 
every predetermined number, not smaller than two, of 
the supplied data (or unit data group) so that time infor- 
mation is attached only to the specified data, as com- 
pared to the conventionally-Known methods where such 
time information is attached to each individual data to 
be transmitted. Also, a packet is formed of the predeter- 
mined number of the supplied data and the time infor- 
mation attached to any one of the data, and the thus- 
formed packet is transmitted from the transmitting end 
via the communication network to the receiving end. 
The receiving end receives the transmitted packet via 
the communication network and temporarily stores the 
data of the received packet. Then, the receiving end 
sequentially reads out the stored data and allows the 
read-out data to be reproduced in a cycle corresponding 
to the predetermined period by controlling the sequen- 
tial readout of the stored data on the basis of the time 
information contained in th e recejyed Lpacket ^ a 
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result, the data communication method of the present 
invention, while allowing users to enjoy the benefits of 
an asynchronous packet oornmurticatioa can effectively 
reduce a total quantity of transmitted data per packet by 
expressing time information for the packet in minimized $ 
data quantity 

[0043] Further, according to a second aspect of the 
present invention, there is provided a data communica- 
tion method which comprises the steps of: 

10 

(a) at a transmitting end, 

supplying a plurafty of data arranged in a time 
series of first period; 

specifying one data from among every prede- is 
ter mined number, nc; smaller than two, of the 
data supplied by v ;ie step of supplying and 
attaching to the specified data time information 
indicative of a time position of the specified 
data; and 20 
every predetermined second period longer 
than the first period, transmitting the supplied 
data within a given cycle of the second period 
and the time information attached to any one of 
the predetermined number of the data. 25 
together as a packet, to a communication net- 
work, and 

(b) at a receiving end, 

30 

receiving the packet via the communication 
network; 

temporarily storing the data contained in the 
received packet; and 

sequentially reading out the temporarily stored 35 
data and controlling sequential readout of the 
temporarily stored data on the basis of the time 
information contained in the received packet, to 
thereby allow the read-out data to be repro- 
duced with a period corresponding to said first *o 
period. 

[0044] According to the second aspect of the present 
invention, similarly to the above-discussed first aspect, 
one particular data is specified from among every pre- 45 
determined number, not smaller than two. of the sup- 
plied data (or unit data group) so that time information is 
attached only to the specified data, in stead of such time 
information being attached to each individual data to be 
transmitted. Also, every predetermined second period so 
longer than the first period, a packet is formed of the 
predetermined number of the supplied data and the 
time information attached to any one of the data, and 
the thus-formed packet is transmitted from the transmit- 
ting end via the communication network to the receiving 55 
end. The receiving end receives the transmitted packet 
via the communication network to temporarily store the 
data of the received packet. Then, the receiving end 



sequentially reads out the stored data and allows the 
read-out data to be reproduced in a cycle corresponding 
to the f irst or original period by controlling the sequential 
readout of the stored data on the basts of the time infor- 
mation contained in the received packet Thus, similarly 
to the above-mentioned, the data communication 
method of the invention, while allowing users to enjoy 
the benefits of an asynchronous packet communication, 
can effectively reduce a total quantity of transmitted 
data per packet by expressing time information for the 
packet in minimized data quantity. 
[0045] In addition, by executing the packet transmis- 
sion every predetermined second period, the second 
aspect can minimize time delays that would occur in 
data transmission between a transmitting end and a 
receiving end, without having to wait until after a prede- 
termined number of data have been accumulated. 
[0046] The term "asynchronous packet" as used 
herein refers to a packet whose a transmission period is 
set independently of a sampling period of original sam- 
ple data to be transmitted; however, the present inven- 
tion affords a properly synchronized communication 
because the transmission and reception of the packet 
are conducted with a same fixed period. 
[0047] In order to accomplish the second object the 
present invention provides a data transmitter device 
which sends data to be transmitted, having attached 
thereto a time stamp represented as a time difference 
from a f irst timing signal having a predetermined period, 
to a communication network on the basis of a second 
timing signal generated in accordance with the first tim- 
ing signal. This data transmitter device includes a FIFO 
buffer and writes the data to be transmitted into the 
FIFO buffer on the basis of the first timing signal. The 
data transmitter device then retrieves the data to be 
transmitted from the FIFO buffer on the basis of the sec- 
ond timing signal and sends the retrieved data to the 
communication network 

[0048] T he present invention also provides a data 
receiver device which receiv es data havi ng attached 
t hereto a time stamp repr esented as a time difference 
from_a.first tijTunjg &gnal having a predet ermined pe riod 
and transmitted to a commu nication network on the 
basis of a second timing signal generated in accord- 
ance with the first timing signal. This data receiver 
device includes a FIFO buffer and writes the data 
received via the communication network into the FIFO 
buffer on the basis of the second timing signal. The data 
receiver device then retrieves the received data from the 
FIFO buffer on the basis of the first timing signal and 
reproduces the retrieved data on a time axis on the 
basis of the time stamp attached thereto. 
[0049] Further, the present invention provides a data 
communication system which comprises a data trans- 
mitter device and a data receiver device and where data 
communication on a communication network is control- 
led on the basis of a second timing signal generated in 
accordance with a first timing signal having a predeter- 
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mined period, in this data communication system, the 
data transmitter device attaches a time stamp, repre- 
sented as a ti me difference from the first timing signal 
todata to be transmitted, and writes the data with fre 
time stamp into a first FIFO buffer on the basis of th e 5 
film ing jagpaL Tha-data t^nsmittftf ri flMfiftJbpn 
retrieves the data to be transmitted from the first FIF O 
buffer on the basis of the second fepnflLflflQS L and 
sends the re ff evedr tata tn tha coma "frpfry nfltr^ 
The data receiver device receives and writes the data, w 
sent by the data transmitter device to the communica- 
tion network, into a second FIFO buffer on the basis of 
the second timing signal, then retrieves the data from 
the second FIFO buffer on the basis of the first timing 
signal and reproduces the retrieved data on a time axis 15 
on the basis of the time stamp. 
[0050] In order to accomplish the third object the 
present invention provides a data transfer system for 
use in such a communication scheme where there are 
performed both isochronous communication that, using so 
nominally-set cycles and bands reserved in correspond- 
ing relation to individual ones of the cycles, transmits 
data following transmission of a cycle start packet and 
asynchronous packet communication that transmits 
data using a remaining period of the cycle, and where a 25 
sum of a necessary period for the isochronous commu- 
nication and a necessary period for the asynchronous 
packet communication being allowed to exceed the 
period of the cycle. Upon reception of the data having 
attached thereto a reproducing time stamp indicative of 30 
a specif ic data-reproducing time point, a delay time of 
the received data is detected on the basis of the cycle 
start packet which the received data belong to. A time 
value, obtained by adding one period time length of the 
cycle and the detected delay time to a time value of a 35 
start point of the cycle which the cycle start packet 
belongs to, is attached to the received data as a trans- 
ferring time stamp. When time represented by the trans- 
ferring time stamp has arrived or lapsed, necessary 
preparations are made for transferring the received <o 
data. 

[0051] In the above-mentioned data transfer system, 
a bridge inserted in a communication network receives 
the data from a given segment When time represented 
by the transferring time stamp has arrived or lapsed, the 45 
bridge transfers the received data to a wait buffer, and 
when a predetermined cycle start packet is sent out to 
another segment, the bridge transfers the received data 
from the wait buffer to a transmission buffer to transmit 
the data to the other segment so 
[0052] Further, in the above-mentioned data transfer 
system, the reproducing time stamp is indicative of a 
relative time position within the cycle. The reproducing 
time stamp is replaced with a new time stamp that is 
obtained by adding one period time length of the cycle 55 
to the time value of the start point of the cycle which the 
cycle start packet, preceding the received data, belongs 
to. An operation for reproducing the received data is 



performed when time represented by the new time 
stamp has arrived or lapsed. 
[0053] Because a time value, obtained by adding one 
period time length of the cycle and the delay time of the 
received data behind the corresponding cycle start 
packet to the time value of the start point of the cycle 
which the cycle start packet belongs to, is attached to 
the received data as a transferring time stamp, the data 
transfer can be executed with increased efficiency, and 
it is possible to effectively avoid loosing a relative time- 
positional relationship between the individual data. 
[0054] Further, because the reproducing time stamp 
is replaced with a new time stamp that is obtained by 
adding one period time length of the cycle to the time 
value of the start point of the cycle which the cyde start 
packet preceding the received data, belongs to, the 
data reproduction can be executed with increased effi- 
ciency while effectively avoiding a loss of the relative 
time-positional relationship between the individual data, 
even when the reproducing time stamp is of a small bit 
size or length, say, below 32 bits. 
[0055] In order to accomplish the fourth object the 
present invention provides a method of synchronizing a 
plurality of data transmitted to a communication network 
having a plurality of nodes connected thereto. Accord- 
ing to this method, one of the nodes, designated to 
transmit a plurality of data to be synchronized, attaches 
a predetermined data mark to the data and sends the 
data with the data mark to the communication network. 
Another of the nodes, having received the data via the 
communication network, synchronizes the received 
data by reference to the data mark attached thereto. 
[0056] Further, the present invention provides a 
device for synchronizing a plurality of data transmitted 
to a communication network having a plurality of nodes 
connected thereto. On the basis of a data mark con- 
tained in the data received via the communication net- 
work, the device synchronizes a group of the data that 
has the same data mark attached thereto. At least one 
of the nodes connected to the communication network 
has a function of the device for synchronizing a plurality 
of data transmitted to the communication network. 

Brief Description of the Drawings: 

[0057] In the accompanying drawings, 

Fig. 1 is a timing chart illustratively showing detailed 
examples of a data communication method and 
system according to the principle of the present 
invention; 

Fig. 2 is a block diagram illustrating a general con- 
figuration of one embodiment of the data communi- 
cation method and system according to the present 
invention; 

Fig. 3 is a flow chart showing an example of a 
"transmission preparing process" that is executed 
at a transmitting-end unit of Fig. 2; 
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Rg. 4 is a flow chart showing an example of a trans- 
mission interrupt process that is carried out at the 
transmrtting-end unit of Fig. 2; 
Fig. 5 is a flow chart showing an example of a 
reception process carried out at a receiving-end s 
unit of Fig. 2; 

Fig. 6 is a block diagram illustrating a hardware 
structure of a device, such as a personal computer, 
that can be suitably used either as the transmitting- 
end unit or as the receiving-end unit in the embodi- io 
mentof Rg. 2; 

Fig. 7 is a block diagram outlining an exemplary 
organization of a data corrmmication system in 
accordance with a second embodiment of the 
present invention; 15 
Fig. 8 is a block diagram outlining an exemplary 
inner structure of each station or node in the data 
communication system of Rg. 7; 
Fig. 9A is a functional block diagrams explanatory 
of a data transmitter device in the data communica- 20 
tion system of Fig. 7; 

Rg. 9B is a functional block diagrams explanatory 
of a data receiver device in the data communication 
system of Rg. 7; 

Rg. 10A is a diagram explanatory of an example of 25 
a transmission packet in a time-serial fashion; 
Rg. 10B is a diagram showing an exemplary data 
format of a packet in accordance with the present 
invention; 

Rg. 10C is a diagram showing an exemplary data so 
format of a packet employed in prior art; 
Rg. 1 1 is a timing chart explanatory of behavior of 
the data communication system in accordance with 
the second embodiment of the present invention; 
Figs. 12A to 12C are flew charts of various proc- ss 
esses carried out at the transmitting end in the data 
communication system in accordance with the sec- 
ond embodiment; 

Figs. 13A to 13C are flow charts of various proc- 
esses carried out at the receiving end in the data 40 
communication system in accordance with the sec- 
ond embodiment; 

Rg. 14 is a diagram explanatory of an exemplary 
transmission packet in a time-serial fashion; 
Rg. 15 is a block diagram showing an exemplary 45 
organization of a communication network to which 
is applied a data cornmunication system according 
to a third embodiment of the present invention; 
Rg. 16 is a time chart explanatory of behavior of a 
data communication system according to a third so 
embodiment of the present invention; 
Rg. 1 7 is a flow chart of a cycle start interrupt proc- 
ess carried out at the receiving end in the data com- 
munication system according to the third 
embodiment; ss 
Rg. 18 is a flow chart of a data reception interrupt 
process carried out at the receiving end in the data 
communication system according to the third 



embodiment; 

Rg. 19 is a flow chart of a timer imerrupt process 
carried out at the receiving end in the data commu- 
nication system according to the third embodiment; 
Rg. 20 is a block diagram showing an example of a 
network system to which is applied a network data 
synchronizing method in accordance with a fourth 
embodiment of the present invention; 
Rg. 21 is a time chart showing a manner in which 
the various data arrive at a particular node respec- 
tive route in the fourth embodiment; 
Rg. 22 is a flow chart explanatory of behavior of a 
node transmitting original data in the fourth embod- 
iment; 

Rg. 23 is a flow chart showing operation of a data 
receiving node in the fourth embodiment; 
Rg. 24 is a flow chart explanatory of behavior of a 
synchronizatfon-controfling node in the fourth 
embodiment; 

Rg. 25 is a diagram explanatory of an example of a 
traditional packet on a communication network; 
Rg. 26 is a block diagram showing an example of a 
conventional network system; and 
Rg. 27 is a diagram explanatory of exemplary data 
channels in the conventional network system. 

Best Mode for Carrying Out the Invention: 

[0058] For better understanding of the present inven- 
tion, the preferred embodiments of the invention will be 
described in greater detail below with reference to the 
accompanying drawings. 

[0059] To facilitate fuller understanding of the present 
invention. Rg. 1 illustratively shows several detailed 
examples of the data communication system according 
to the present invention. In Rg. 1 , section (a) shows an 
example of the data communication system according 
to a first aspect of the present invention, and sections 

(b) and (c) show two different examples of the data com- 
munication system according to a second aspect of the 
present invention. 

[0060] On the first row in each of sections (a), (b) and 

(c) of Rg. 1, there is shown exemplary a time-series of 
data, having a predetermined cyclic time or period (first 
period) T. supplied to a transmitting end, and numerals 
•0", "1", "2". "3", ... are ordinal numbers indicative of 
respective positions or places, in the time series, of the 
individual data. Further, numerals (1 , 1 3. 1 7, 21 , 29, 33, 
etc.), noted slightly above the particular data on the first 
row, ea^ indicate a time stamp or time information 
attached to the corresponding data, reference character 
"SF" represents a period of a packet transmission serv- 
ice section. While the period T of data to be transmitted 
(i.e.. transmission data) is variable as required, the 
period of the service section SF in an asynchronous 
packet is fixed to a predetermined value. Thus, the time- 
positional relationship between the two periods SF and 
T can be varied as desired rather than being limited to 
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that shown in the figure; generally, the periods of the two 
are in non-integral multiple relationship (of course, they 
may sometimes go into integral multiple relationship). 
[0061] OrtJha^econd rcw 

and (c) rfRa y th^^fjfrown conditions of eac h s 
packet t^e^trerWBSlna a oommuntcationr^ 
Numerals noted within time skrt framra are ordr^ riunv 
bets each benfif yinp rri ** 1*? ^rta-^xa^ed^in the 
packet ana n oted 
slightly j^^^etime^^^^g^T^^^feK a time to 
stamp or tim e inform ation contained in the correspond - 
in g packet Further, on the third row in each of sections 
(a), (b) and (c) of Rg. 1 , there are shown data reproduc- 
ing conditions at the receiving end. 
[0062] ^efernr^ f ird to th6 exar^e of sec^on (a) is 
(section (a) example) according to the first aspect of the 
present invention, each of the packets is formed by a 
predetermined nurn ber N (N - 4 in the illustrate d exam- 
pie) of date, and the forefront LfL^^stj^JnJto 
packet is spe^jedto ^attach latime stamp incfica^of a 20 
time pSBorTof the f irst data "prior to JtejaM tare- 
mission. For example, the forefront i.a jirgfpacket in 
the illustrated example is coqiposed of four'^SSa 
deg^ by ojdinal nurrtoers^oyr, Y arriffiuid has 
a single time stamp "O^ai^gcrffim'eto irefis indica- 25 
tive of a time position of the first data denoted ^ordinal 
nuirfty Y~Jffi of trie serv- 

jcjj|<ajon (T.e. t ttme ^>rresponding totwo service sec - 
tions) are necessary for the trargrtjtt ing end to be 
sl ^^ ^SlS^Si5j^§ ? so fransmission of the first so 
palEeflslixecuted upon passage of two service sec- 
tions SF after the supply of the first data (ordinal number 
"0"). Thus, a time delay in starting the packet transmis- 
sion apraornsttrtoe^yclic periods of the service section 
Sfff The second packeuj) the illustrat ed example is com- 35 
e^^^^^^^^^^d by ordinal nu mbers^ 4' y*5».) 
"6" and T an d has a single time stamp "ir attached 
thereto that is indicative of a time position of the first 
data denoted by ordinal number "4". In this case, trans- 
mission of the second packet is executed in a service 40 
section ("SF5T following a service section fSF4") 
where the last data denoted by ordinal number "7" in the 
second packet is supplied; that is, transmission of the 
second packet is executed upon passage of two service 
sections SF after the transmission of the first packet 45 
[0063] At the receiving end. the original predeter- 
mined period T set at the transmitting end can be esti- 
mated on the basis of a variation or function of the time 
stamps contained in the sequentially supplied packets. 
Although the original predetermined period T set at the so 
transmitting end may be estimated in a variety of ways, 
one of the most typical ways is by evaluating the follow- 
ing equation based, on a difference -between values of 
two successive time stamps. y fhat is, if the.time stamp 
values of a current, received packet and last received.. 55 
Racket are represented i by .;T§ti);andJTS(iJ)it respec- 
tively, the_orjflinaJ predetermine d jp^riod T can be esti-_ 
fI2?tedJ^j^j^ng^ 



since N data exist i n between the time stamps: 

T»fTSQ-TS(H))/N (Equation 1) 

[0064] The receiving end sequentially reads out the 
data in the received packets, in cycles corresponding to 
the estimated original period T. This permits a reliable 
data reproduction with the original period T at the 
receiving end. In the example illustrated in section (a) of 
Fig. 1, the period-estimating calculation necessitates a 
wait until after transmission of two packets, and thus the 
receiving end is allowed to initiate the data reproduction 
only upon passage of five service sections SF after the 
supply of the f irst data (ordinal number "0") to the trans- 
mitting end. i.e., at the beginning of the sixth service 
section of Fig. 1. 

[0065] As noted above, if the number of data per 
packet is fixed to a predetermined number N as in the 
communication system according to the first aspect of 
the invention, the time delays in starting the packet 
transmission and in the data reproduction at the receiv- 
ing-end unit would present significant problems. So, the 
communication system according to the second aspect 
of the invention is designed to effectively avoid the prob- 
lems raised by such time delays. 
[0066] Examples of the communication system 
according to the second aspect of the invention illustra- 
tively shewn in sections (b) and (c) of Fig. 1 are different 
from the first-aspect communication system in that 
there are arranged to regularly initiate the packet trans- 
mission every predetermined period (second period) 
without having to wait until after a predetermined 
number of data are accumulated and hence in that the 
number of data forming a packet is variable. More spe- 
cifically, every predetermined second period longer than 
the first period T that is an original period of data to be 
transmitted (transmission data) from the transmitting 
end. a packet is formed of data supplied within a cycle 
of the second period, so that the packet transmission is 
executed once for every second period. Further, 
because the first and second periods are in non-integral 
multiple relationship (although they may of course 
sometimes go into integral multiple relationship), the 
number of data contained in each cycle of the second 
period will vary within a variation range of ±1. In the 
examples illustrated in sections (b) and (c) of Fig. 1, the 
second period which to execute the packet transmission 
corresponds to the period of each service section SF. 
[0067] In the example illustrated in section (b) (section 
(b) example) of Rg. 1, all data supplied in each of the 
service sections are included in a packet and then 
transmitted from the transmitting end to the communica- 
tion network in the next service section. The total 
number V of data included in each packet is a variable 
which is 2 or 3 in the illustrated example. Also, in the 
example of section (b) of Fig. 1, the first data of each 
packet is specified so as to attach thereto a time stamp 
indicative of a time position of the first data. As a conse- 
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quence, tbe jime stamp is attached to every predetjy- ! 
mine d nur^^otgata (i.e.^yerv two or more data): this 
jferrhTned*liuTr^^ linked with the 

atWg=n1ert6oned variable number V of data forming a 
single pa cke t For instance, the first packet in thi sexam- 
pjg is composed of three data denoted by ordinal num - 
bers tr, m \ m and "2" pnd has^LSj r jple time stamp TT 
attached thereto that is indicative of a time po sitiorLof 
the first data d enotes! by ordinal number "0" In the 
jiacfi^ln this case, transmission erf the f irst packet is w 
executed upon passage of one service section SF after 
the supply of the first data (ordinal number "0"). i.e.. in 
the second service section. Thus, the time delay in 
starting the packet transmission amounts to only one 
cyclic period of one service section SF. The second is 
packet in the illustrated example is composed of two 
data denoted by ordinal numbers "3" and "4" and has a 
single time stamp " 13" attached thereto that is indic ative 
of a time position of the first data denoted by ordinal 
niur^^ 20 
siorf^^e second 
tionX*SF3"j following the ser^ 
the last data denoted by ordinal number "4" in the sec- 
ond packet is supplied; that is, transmission of the sec- 
ond packet is executed upon passage of one service . 2s 
section SF after the transmission of the first packet 
[0068] Similaily to the example of section(a)of Fig. 1, 
the recerving end can estimate the original predeter- 
mined period T set at the transmitting end on the ba sis 
of a variation or function of the time stamps contained in so 



i the sequ^gtMly^su pplied packets . Although the original 
{ predetermined period T at the transmitting end may be 
estimated in a variety of ways, one of the most typical 
ways is by executing the following arithmetic operation 
based on a difference between values of two succes- 
sive time stamps: 



. T o {TS(i) - TS(i-1)} / x ) (Equation 2) 

* 



, where T§(i) and TSfi-1) represent the time stam p val- 
UfiS^gL iL^ent .[gg^SgSUS^^ a^d last receive d 
eSSfeS? ?52 V'^^en t^ the abov e- 

not^ v^iable number of data contained in the last 
re^iyedpackeT " 
[0069] y7 h¥7eceiving end sequentially reads ouMthe^ 
data in the received packets jn cycles co rresponding to 
the estimated original peri^ T TO 
data r^pduction jwith the original j reriod T a t the 
receiving end. In the example of section (b) of Fig~1. 
because the second packet is transmitted from the 
transmitting end in the third service section SF3 as 
counted from the time point when the first data (ordinal 
number "0") has been supplied to the transmitting end, 
the receiving end is allowed to initiate the data repro- 
duction upon passage of three service sections SF after 
the supply of the first data (ordinal number "0") to the 
transmitting end, i.e., in the fourth service section SF4 
of Fig. 1 . It may be seen that in the example of section 
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(b) of Fig . 1 , the packet transmission and the data repro- 
duction at the receiving end are started earlier tha n 
those in the section M flxampla so that sjonifkpant 
improvements are achieved to alleviate the problems 
raised by the time delays. However, as seen in Equation 
2 above, reproduction of the time information at the 
receiving end in the section (b) example involves a divi- 
sion by the variable number V and this divisor "x" has 
to be changed every time, resulting in a more complex 
arithmetic operation as compared to the arrangement 
where the division is made by the fixed number N as in 
Equation 1 above. 

The flampta illustrated in section (c) of Fi g. 1 
is directed to ampOfying th^ 
receiving end faQratogfi^gjmp^gP^ over the 
section (b) example. More specifically, in this example. 
aD data supplied in each one of the service sections are 
included in a i packet and then transmitted frpm^the 
t ransmitting end to fee comnxirferiion networi cjrrtfie 
next servic e sectio n. This example is similar to the sec- 
tionT(b) example in that the number V of data included 
in each packet is variable (2 or 3) but oTfferent therefrom 
in the manner of attaching the tiTO^^^ ^a^lSiore 
specifically, thejectjgn (c) example is argued to spec^ 
ify one data every ye determined fixed number M of 
data (two or more data) so as to attach^ to the specified 
^1 f BlBP ^IH? ' ^ibtive of Hs time portion. In the 
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ustrated example, the predetermined fixed number M 
s 4, so th at ever y fo yr d ata, a time stamp is attach* 
fiat is indicative of the first dataln this four-dat a group . 



' "hus, althou g h one time stamp is att ac hed every prede-_ 



ed fixed number M of data (two or iroredaalJn 
sect ion (c) ©cample^ this number M (4 in the illus- 
!ed exarnp1e)7uh¥ke in the section (b) example, is not 
linked with or independent of the variable number "x" of 
packet forming data. 

[0071] In the example illustrated in section (c) of Fig. 
1 , the first packet is composed of three data denoted by 
ordinal numbers "0". "1" and "2* and has a single time 
stamp "0" attached thereto that is indicative of a time 
position of the first data (ordinal number T)") in the first 
M (- 4)-data group. In this case, transmission of the first 
packet is executed upon passage of one service section 
SF after the supply of the first data (ordinal number "0"). 
Thus, the time delay in starting the packet transmission 
amounts to only one cyclic period of the service section 
SF. The second packet in the illustrated example is com- 
posed of two da ta denoted by ordinal numbers "3" and 
"4/ €(ncf hasa time stamp "1 r eattached thereto that is 
indicative of a time position of the first data denoted by 
ordinal number "4" in the next M (= 4)-data group. In this 
case as well, transmission of the second packet is exe- 
cuted in a service section ("SFS") following the service 
section ("SF2") where the last data denoted by ordinal 
number "4" contained in the second packet has been 
supplied; that is, transmission of the second packet is 
executed upon passage of one service section SF after 
the transmission of the first packet. 
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[0072] Because the number M of data in each data 
group to which is attached a time stamp is invariably 
fixed while the number of data per packet is variable, 
there is a possibility that no time stamp wid be attached 
to 6ome of the packets. In the section (c) example, for 5 
example, no time stamp is attached to the packet con- 
taining data denoted by ordinal numbers "5" and "B" 
transmitted in the fourth service section SF4, and such 
a packet is transmitted from the transmitting end unit 
along with predetermined empty data "void" indicating w 
absence of the Time stamp", in stead of data indenting 
a valid time stamp value. Of course, the transmission of 
the empty data 'Void" is not necessarily essential; 
instead, the packet with no time stamp may be directly 
recognized as not being accompanied by time informa- f5 
tkxi. 

[0073] Similarly to the examples of sections (a) and 
(b) of Fig. 1 as described above, the receiving end can 
estimate the original predetermined period T set at the 
transmitting end on the basis of a variation or function of 20 
the time stamps contained in the sequentially received 
packets. Although the original predetermined period T 
set at the transmitting end may be estimated in a variety 
of ways, one erf the most typical ways is by executing the 
arithmetic operation based on a difference between val- 25 
ues of two successive time stamps: 




tains the "void" data in ste ^,of a yafid time stamp. Fur- 
ther, if the last recejye^jMdket contains a valid time 
stamp viuVp^irian the "void" data, then the value 
XS(i-n is equivalent to th e time stem p valuftoi 'the last 
received packet: on the other hand, if the last received 
packet contains the "void" data rather than a v alid time 
stamp value , then th e jrajus T S(i : V) is equivalent to a 
time stamp value TS(i-2) of the second received padtet 
before tt ie current received packet As previously noted, 
"M" is a fixed ^ number of data in a data grpup tP which is 
attached a single time stamp. 
[0074] The receiving end sequentially reads out the 
data in the received packets, in cycles corresponding to 
the estimated original period T. This permits aj^iabJe 
data reproduction with the original period T at the 
receiving end. Because the second packet is transmit* 
ted from the transmitting end in the third service section 
SF3 as counted from the time point when the first data 
(ordinal number "0") has been supplied to the transmit- 
ting end, the receiving end is allowed to initiate the data 
reproduction upon passage of three service sections SF 
after the supply of the first data (ordinal number "0T to 
the transmitting end, i.e., in the fourth service section 
SF4 of Fig. 1 . Thus, it may be seen that in the example 
of section (c) of Fig. 1 . the packet transmission and the 
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data reproduction at the receiving end are started ear- 
tier than those in the section (a) example so that signifi- 
cant irrprovements are made to the problems raised by 
the time delays. Further, as seen in Equation 3 above, 
reproduction of the time information at the receiving end 
in the section (c) example involves a division by the 
fixed number M and hence can substantially simplify the 
arithmetic operation as compared to the arrangement 
where the division is made by the variable number V 
as in Equation 2 above. By setting the fixed number M 
to the power of 2 such as 4 or 8, the digital division of 
Equation 3 can be executed via simple data shifting. 
Thus, by expressing the time information in reduced 
data quantity, the section (c) example can provide a 
data cornmunication system based on asynchronous 
packets which minimizes the complexity of the time 
information reproducing arithmetic operation at the 
receiving end. 

[0075] From the foregoing, it may be understood that 
the section (c) example according to the second aspect 
of the present invention can provide a most preferable 
data communication system. The present invention may 
be practiced on the basis of the assumption that the 
transrrotting-end unit conducts an asynchronous packet 
communication in such a most preferable form. Namely, 
from that viewpoint the data communication method 
according to the present invention is characterized in 
that it comprises a step of supplying a plurality of data 
arranged in a time series of a f irst period, a step of spec- 
ifying one data, in each group composed of a predeter- 
mined fixed number of the data, so as to attach, to the 
specified data, time information indicative of a time posi- 
tion of the specified data, and a step of. every predeter- 
mined second period longer than the first period, 
including a plurality of the data supplied during the 
period and the time information, if any. in a packet and 
transmitting the packet via a communication network. 
The operation and advantageous results of the data 
communication system are generally the same as 
described earlier in relation to section (c) of Fig. 1. Of 
course, the examples in sections (a) and (b) may also 
be considered only from the viewpoint of the communi- 
cation system. 

[0076] Preferred modes for carrying out the first 
embodiment of the present invention will further be 
described in detail hereinbelow, in relation to the exam- 
ple shown in section (c) of Fig. 1 which is considered to 
be the most preferable mode. 
[0077] Fig. 2 is a block diagram illustrating a general 
configuration of one embodiment of the data communi- 
cation system according to the present invention. At the 
transmitting-end unit 10. a data generator section 11 
sequentially generates and outputs a plurality of data 
arranged in a time series of a predetermined sampling 
period T. For example, the data generator section 1 1 
outputs sequential sample data of digital audio signals. 
To this end, the data generator section 1 1 may include 
an audio reproduction device such as a CD (Compact 
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Disk) player, or a tone synthesizer device that synthe- 
sizes tone sample data on a real-time basis. The sam- 
pling period T of data output from the data generator 
section 1 1 may be optionally varied depending on a par- 
ticular data source employed. 5 
[0078] The data output from the data generator sec- 
tion 1 1 are temporarily stored into a data buffer 1 2 in the 
order of the time series. The data buffer 12 includes an 
asynchronous I/O buffer register. A timer 13 is provided 
for creating time stamp data, i.e.. time information and to 
may include a running counter or the Eke to count pre- 
determined clock pulses. Every transmission interrupt 
period, a network processing section 14 executes a 
process for setting, in a transmission buffer TBF, a plu- 
rality V of data to form a packet on the basis of the data 15 
temporarily stored in the data buffer 12, a process for 
specifying one data, in each group composed of a pre- 
determined number M of the data, so as to attach, to the 
specified data, time stamp data indicative of a time posi- 
tion of the specified data, and a process for transmitting so 
the plurality V of data set in the transmission buffer 
TBF and the time stamp data attached to one of the 
data, together as a packet, to the receiving-end unit 20 
via a communication network 30. The transmission 
interrupt period corresponds to the packet service sec- ss 
tion SF and is set to be longer than the data sampling 
period T so that the plurality "x* of data can be included 
in one packet; however, the number "x" of data in each 
packet is variable for the above-mentioned reasons. 
[0079] At the receiving-end unit 20, the network so 
processing section 24 receives each packet transmitted 
from the transmitting-end unit 10 via the communication 
network 30, and the plurality V of data included in the 
packet are temporarily stored into a data buffer 22 in the 
order of the time series of the data. Preferably, the data ss 
buffer 22 is an asynchronous i/O buffer register, such as 
a FIFO buffer, having a plurality of storage stages. A 
clock generator section 23. on the basis of time stamp 
data contained in the received packet reproduces the 
original sampling period T of the data supplied from the 40 
data generator section 11 at the transmitting-end unit 
10. For example, the dock generator section 23 estima- 
tively determines the original sampling period T by exe- 
cuting the arithmetic operation of Equation 3 or the like, 
to thereby generate clock pulse signals corresponding 45 
to the determined period T. A data utilizing section 21 
sequentially reads out and reproduces the data tempo- 
rarily stored in the data buffer 22 in accordance with the 
reproduced sampling period T given from the clock gen- 
erator section 23 and utilizes the read-out data for a so 
desired purpose. The read-out data may be utilized in 
any desired manner; for example, they may be sub- 
jected to D/A (Digital-to-Analog) conversion so as to be 
audibly reproduced or sounded through a speaker with 
or without a tonal effect imparted thereto, or may be 55 
supplied to the outside after necessary processing. 
[0080] The transmitting- and receiving-end units 10 
and 20 are capable of controlling the operation of the 



above-mentioned individual sections and components 
by running software programs under the control of a 
rracrocomputerorthe like. The following are exemplary 
operational flows for that purpose. 
[0081] Rg. 3 schematically shows an example of a 
Transmission preparing process" that is executed by 
the network processing section 14 during a main routine 
at the transmitting-end unit 10. The operations to be 
executed by the data generator section 11 and opera- 
tions to input data to the data buffer 12 are not part of 
this transmission preparing process. 
[Q082] First at step SI . the current stored content of 
the data buffer 12 is scanned to determine whether or 
not new data has been input to the data buffer 12. If new 
data has been input to the data buffer 12 as determined 
at step S1, an affirmative (YES) determination results, 
so that the control proceeds to step S2. but if not, the 
control returns to the main routine. 
[0083] At step S2, the current stored content of an 
ordinal number register ORDR is divide by the predeter- 
mined number M, and it is examined whether or not the 
remainder from the division is "0". The ordinal number 
register ORDR is for storing data indicative of the ordi- 
nal number of the data that has been detected, at pre- 
ceding step S1. as an input to the data buffer 12. The 
ordinal number register ORDR is initially set to an ordi- 
nal number "0" in an initialization process (not shown), 
and then, each time new data is input to the data buffer 
12. it is incremented via an operation of step S5 as will 
be described below. The redeterm ined num ber M, as 
noted earlier, is a fixed number indicative of the num ber 
of data in a uriit data qr flup^ w hich a single time stamp 
srK>utf1)g^aTta ch9d. The predetermined number M is 
preferably the power of 2, such as 4 or 8, because it will 
substantially simplify the necessary division operation. 
[0084] If the remainder from the division of the content 
of the ordinal number register ORDR by the predeter- 
mined number M is "0", i.e., if an affirmative determina- 
tion results at step S2, this means that the current data 
(i.e., the data having been input to the data buffer 12 just 
now) is one to which a time stamp should be attached. 
[0085] So, if an affirmative determination is yielded at 
step S2, the control proceeds to step next S3 in order to 
store a current value of the timer 13 (which represents 
an approximate time when the one sample data from 
the data generator section 11 was input to the data 
buffer 12) into a transmitting-end time stamp register 
TSt, and then the control moves on to step S4. 
[0086] This way, step S2 specifies one of the data to 
which a time stamp should be attached, and step S3 
determines and generates time stamp data or time 
information to be attached to the specified data and 
stores the time information into the time stamp register 
TSt 

[0087] If, on the other hand, the remainder from the 
division of the stored value of the ordinal number regis- 
ter ORDR by the predetermined number M is not "0", 
i.e.. if a negative (NO) determination results at step S2. 
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the control jumps to step S4 without registering time 
stamp data. 

[0088] At step S4, the new data Input to the data buffer 
12 (i.a, the current data corresponding to the stored 
content of the ordinal number register ORDR) is 
retrieved from the buffer 1 2 and stored into the predeter- 
mined transmission buffer TBF. 
[0089] At following step S5. the value of the ordinal 
number register ORDR is incremented by one. 
[0090] After step S5, the control returns to the main 
routine, during the course of which the transmission 
preparing process of Fig. 3 is again executed. By thus 
repeating the transmission preparing process of Rg. 3, 
a plurality of suppGed data are sequentially stored into 
the transmission buffer TBF. Some (normally, the plural- 
ity V) of the data thus stored in the transmission buffer 
TBF are then transmitted as a packet from the transmrt- 
ting-end unit 10 via a transmission interrupt process as 
win be described below. 

[0091] Rg. 4 is a flow chart of the transmission inter- 
rupt process that is carried out at the transmrtting-end 
unit 10 as an interrupt routine to the process of Fig. 3. 
The transmission interrupt process is executed at regu- 
lar interrupt intervals according to a predetermined 
transmission interrupt period. For example, the prede- 
termined transmission interrupt period corresponds to 
one packet service section SF and is generally longer 
than the sampling period T of data to be transmitted 
(transmission data) from the transmitting-end unit 10. 
[0092] Upon issuance of a transmission interrupt sig- 
nal, at step S6. the time stamp data registered in the 
time stamp register TSt is set as time stamp information 
"TIME STAMP" in readiness for transmission; the 
number "x* of the data stored in the transmission buffer 
TBF is set as the number x of sample "SAMPLE x" in 
readiness for transmission; and also a value obtained 
by subtracting the number x of sample "SAMPLE x" 
from the value of the ordinal number register ORDR 
(i.e., ORDR - "SAMPLE x") is set as an ordinal number 
of the packet head sample "SAMPLE ORDER" in readi- 
ness for transmission. The ordinal number of the packet 
head sample "SAMPLE ORDER" is a sample ordinal 
number of the head or first data in the time series data 
contained in the packet to be transmitted from the trans- 
mitting-end unit 10. Because the current stored content 
of the ordinal number register ORDR indicates an ordi- 
nal number next to that of the last data in the plurality of 
the data contained in a packet to be transmitted from the 
transmitting-end unit 10, a value obtained by subtracting 
the number x of sample "SAMPLE x" from the value of 
the ordinal number ORDR represents a sample ordinal 
number of the head data in the packet. 
[0093] Next step S7 forms a packet comprising the 
plurality "x" of data stored in the transmission buffer TBF 
and various information previously set at preceding step 
S6, i.e.. the time stamp information TIME STAMP", 
number x of sample "SAMPLE x" and ordinal number of 
the packet head sample "SAMPLE ORDER", and it 



transmits the thus-formed packet via the communication 
network 30. Actual communication between the trans- 
mitting-end unit 10 and receiving-end unit 20 via the 
complication network 30 is effected through commu- 
5 nication interfaces (not shown), and hence the packet is 
sent to the interface at step S7. Assume here that the 
transmission buffer TBF is cleared after the stored data 
in the buffer TBF are sent out from the transmrtting-end 
unit 10. 

10 [0094] Empt y data \a kr is set in to the transmitting- 
£fld time stam p reoister J St at step S8. and the co ntrol 
retu7fi£ If a next pa cket incl udes a valid time stamp , 
then thVyalue of me time stamp register TSt is renew ed 
byThat valfcTtime stamp value by way of step S3 of Rg. 

is 3. If, on the ether hand, the next packet does not include 
a valid time 6tamp, the control 'oes not take step S3 so 
that a next execution of th<* dismission interrupt proc- 
e ss occurs with the register TSt holdinfljbe empty data 
'VojOMn stead of ba ng renewed, to this case, the empty 

20 data "void" is set as the time stamp infyrnaBorTTIME 
STOMP*jaT5qp S6 of Rg. 4 in readiness for t ransmi s- 

stoci '" " ' ^ 

[0095] Now, with reference to the first and second 
rows in section (c) of Rg. 1. a description wfll be made 

25 about detailed example of the operational flows of Rgs. 
3 and 4 in relation to a case where the predetermined 
number Mis set at "4". 

[0096] Because the stored value of the ordinal number 
register ORDR is "0" when data denoted by ordinal 

30 number "0" is input to the data buffer 12, an affirmative 
determination results at step S2, so that the control pro- 
ceeds to step S3 in order to store a current value (the 
value is shown as "1" in Rg. 1 for convenience of expla- 
nation, but it may of course be any other value) of the 

35 timer 13 into the transmitting-end time stamp register 
TSt The data of this ordinal number t)" is stored into 
the transmission buffer TBF at step S4, and the ordinal 
number register ORDR is incremented to a value "1" at 
step S5. 

40 [0097] When next data denoted by ordinal number "1 " 
is input to the data buffer 12, a negative determination 
results at step S2 because the stored value in the regis- 
ter ORDR is "1", the control jumps over step S3 to exe- 
cute the operations of steps S4 and S5 so that the data 

45 denoted by ordinal number "1 " is stored into the trans- 
mission buffer TBF and the ordinal number register 
ORDR is incremented to a value "2". 
[0098] Similarly, when next data denoted by ordinal 
number "2" is input to the data buffer 12, the control 

so jumps over step S3 to execute the operations of steps 
S4 and S5 so that the data denoted by ordinal number 
"2" is stored into the transmission buffer TBF and the 
ordinal number register ORDR is incremented to a 
value "3". 

55 [0099] This way, in the first service section SF1 , three 
data denoted by ordinal numbers "0". "1" and "2" are 
supplied to the transmitting-end unit 10 for storage in 
the transmission buffer TBF. Following this, at the end of 
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the f irst service section SF1 or at the beginning of the 
next sen/ice section SF2, the transmission interrupt 
process of Fig. 4 is executed. Then, through the opera- 
tion of step S6, the value "1" stored in the register TSt is 
set as the time stamp information TIME STAMP", "3* is 
set as the number x of sample "SAMPLE x" and "0" (3 - 
3 - 0) is set as the ordinal number of the packet head 
sample "SAMPLE ORDER", in reacfiness for transmis- 
sion. After this, through the operation of step S7, the 
thus-set information and three data denoted by ordinal 
numbers "0". "1" and "2" stored in the transmission 
buffer TBF are transmitted together as a packet from the 
transmitting-end unit 10 at an optionally selected point 
in the second service section SF2. 
[0100] In the second service section SF2, two data 
denoted by ordinal numbers "3" and "4" are supplied to 
the transmrtting-end unit 10. When the data denoted by 
ordinal number "3" is supplied, a negative determination 
results at step S2. so that the data denoted by ordinal 
number "3" is stored into the transmission buffer TBF at 
step S4 and the ordinal number register ORDR is incre- 
mented to a value "4" at step S5. when the data denoted 
by ordinal number "4" is supplied, an affirmative deter- 
mination results at step S2, so that the control goes to 
step S3 in order to store a current value of the timer 13 
pr in the illustrated example of Fig. 1) into the trans- 
mitting-end time stamp register TSt Also, the data 
denoted by ordinal number "4" is stored into the trans- 
mission buffer TBF at step S4 and the ordinal number 
register ORDR is incremented to a value "5" at step S5. 
[0101] The transmission interrupt process of Fig. 4 is 
executed after the second service section SF2. First 
through the operation of step S6, the value "ir stored 
in the register TSt is set as the time stamp information 
TIME STAMP". "2" is set as the number of sample 
"SAMPLE x" and -3- (5 - 2 - 3) is set as the ordinal 
number of the packet head sample "SAMPLE ORDER", 
in readiness for transmission. After this, through the 
operation of step S7. the thus-set information and three 
data denoted by ordinal numbers "3" and "4" stored in 
the transmission buffer TBF are transmitted together as 
a packet from the transmrtting-end unit 1 0 at an option- 
ally-selected point in the second service section SF2. 
Also, empty data "void" is set into the register TSt at 
stepS8. 

[0102] In the third service section SF3. two data 
denoted by ordinal numbers "5" and "6" are supplied to 
the transmitting-end unit 10. When the data denoted by 
ordinal number "5" is supplied, a negative determination 
results at step S2. so that the data denoted by ordinal 
number "5" is stored into the transmission buffer TBF at 
step S4 and the ordinal number register ORDR is incre- 
mented to a value "6" at step S5. Similarly, when the 
data denoted by ordinal number "6" is supplied, a nega- 
tive determination results at step S2, so that the data 
denoted by ordinal number "6" is stored into the trans- 
mission buffer TBF at step S4 and the ordinal number 
register ORDR is incremented to a value "7" at step S5. 



In this third service section SF3. the transmitting-end 
time stamp register TSt keeps holding the empty data 
"void" because the control does not take step S3. 
[0103] Thus, in a next execution of the transmission 

5 interrupt process, the empty data Void" is set as the 
time stamp information "TIME STAMP", "2" is set as the 
number x of sample "SAMPLE x" and "5" (7-2 = 5) is 
set as the ordinal number of the packet head sample 
"SAMPLE ORDER", in readiness for transmission. After 

w this, the thus-set information and two data denoted by 
ordinal numbers "5" and "6" stored in the transmission 
buffer TBF are transmitted together as a packet from the 
transmitting-end unit 10. 

[0104] Then, packets having contents as shown on 
is the second row in section (c) of Rg. 1 will be transmitted 
from the transmitting-end unit 10. in accordance with 
the time series data noted on the first row, in the manner 
as described above. 

[0105] Fkj. 5 is a flow chart of an example of a recep- 
20 tion process earned out at the receiving-end unit 20. 
The reception process is illustrated as being earned out 
primarily by the network processing section 24 and 
clock generator section 23. 

[0106] This reception process is executed each time 
25 the receiving end 20 receives a packet sent via a com- 
munication network 30. 

[0107] First step S11 stores the ordinal number of the 
packet head sample "SAMPLE ORDER" and number x 
of samples, contained in the packet received from the 

30 transmitting-end unit 1 0 via the communication network 
30. into registers j and X, respectively. Also, at step S 1 1 , 
a false value FALSE is set into an update clock register 
updateCLOCK. When a true value TRUE is set in the 
update clock register updateCLOCK. renewal of the 

35 clock frequency is instructed, while when a false value 
FALSE is set in the update clock register update- 
CLOCK. renewal of the clock frequency is not 
instructed. 

[0108] At next step S12, an initial value "0" is set into 

40 a variable register i. 

[01 09] Then, step S1 3 transfers, to the data buffer 22. 
one of the plurality "x" of the data contained in the 
received packet which is designated by the variable reg- 
ister i (DATAp)). 

45 [01 10] At following step S14. the sum of the current 
stored value of register j (i.e.. the ordinal number of the 
packet head sample "SAMPLE ORDER") and current 
stored value of the variable register i is divided by the 
above-mentioned predetermined number M, and a 

so determination is made as to whether or not the remain- 
der from the division of the stored value of the ordinal 
number register ORDR by the predetermined number M 
is "0", i.e.. whether or not the data written into the data 
buffer 22 at preceding step S13 (i.e., the data denoted 

55 by ordinal number "j + i") is the one having a time stamp 
attached thereto. If the data written into the data buffer 
22 is the one having a time stamp attached thereto, the 
remainder is "0" because the ordinal number "j + r is an 
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afiquot factor of the predetermined number M, so that 
an affirmative determination result at step S14. in this 
case, the control goes to step S19 by way of steps S15 
to S18. ft a negative determination results at step S14, 
the control jumps over steps S15 to S18 to step $19. 5 
[0111] At step S15. a determination is made as to 
whether or not the stored content of a receiving-end 
time stamp register TSr is empty data "void". The 
receiving-end time stamp register TSr is initially set to 
store empty data "vokr by an initiafiration process (not w 
shown), and thereafter the time stamp information 
TIME STAMP" contained in the received packet is 
loaded into the register TSr by execution of following 
step S16. Step S16 is tor loading the fist time stamp 
information "TIME STAMP" into the receiving-end time is 
stamp register TSr. Following this, a negative determi- 
nation results at step S15, so that the control takes the 
path through steps S1 7 and S18. 
[0112] At step S17, an arithmetic operation corre- 
spond ng to Equation 3 above is executed to estima- 20 
tively determine the original sampfing period T. Namely, 
at this step, the current stored value of the receiving-end 
time stamp register TSr (which is the time stamp infor- 
mation contained in the last or last-but-one received 
packet and corresponding to TS(i-0" of Equation 3) is 25 
subtracted from the time stamp information "TIME 
STAMP" contained in the current received packet (cor- 
responding to TS(i)" of Equation 3). and the subtraction 
result is divided by the fixed number M indicative of the 
number of data (e.g.. four) in the data group to which 30 
one time stamp is to be attached. Then, the resultant 
quotient is registered as data indicative of an estimate 
of the original sampling period T. 
[01 1 3] At next step $1 8. the time stamp information 
"TIME STAMP" contained in the current received packet 35 
is loaded into the receiving-end time stamp register TSr 
to thereby renew the stored value of the register TSr. 
and also a true value TRUE is set into the update clock 
register updateCLOCK. 

[0114] AtstepS19. the value of the variable register i 40 
is incremented by one. At next step S20, a determina- 
tion is made as to whether or not the incremented value 
of the variable register i has become equal to the 
number "x" of the data in the packet currently stored in 
register X. With a negative answer, the control loops 45 
back to step S13 in order to repeat the above-men- 
tioned operations of steps S13 to S18 for the increment 
value of the variable register i. 
[01 1 5] Once the determination has become affirma- 
tive at step S20, the control proceeds to step S21, so 
where a clock synchronization process is executed to 
set a sampling clock frequency for the receiving-end 
unit 20 in accordance with the estirnatively determined 
original sampling period T at preceding step S17 as 
long as the set value of the update clock register 55 
updateCLOCK is a true value TRUE. That is, at step 
S21. a sampling clock frequency for the receiving-end 
unit 20 is set or renewed in accordance with the calcu- 



lation result Tat step S1 7. Following this, the control ter- 
minates the reception process. Note that because only 
one time information is included in each packet in 
accordance with the present invention, there is no need 
to repeat the operations of steps S13 to $20 once the 
control has taken the path through steps Sl7andS18. 
Therefore, the operational flow may be modified in such 
a manner that the control jumps to step S21 from step 

sia 

10116] Next, with reference to the second and third 
rows in section (c) of Fig. 1. a description wOl be made 
about a detafled example of the operational flow of Rg. 
5 in relation to a case where the predetermined number 
Mis set to "4". 

[0117] When the first packet including the data 
denoted by ordinal numbers "0". "1 " and V is received 
in the second service section SF2, the registers] and X 
are set to "0" and "3", respectively, at step St 1. In this 
case, an affirmative determination results at step S14 
when the registers j and i have both been set at a value 
t)". Because empty data Void" has been set in the 
receiving-end time stamp register TSr, an affirmative 
determination is yielded at following step S15. so that 
the time stamp information "TIME STAMP" (= 1) con- 
tained in the current received packet is set into the reg- 
ister TSr at step S16. Then, after repeating the 
operations of steps S1 3 to S20. the control proceeds to 
step S21 . In this case, the operation for setting the sam- 
pling dock frequency for the receiving-end unit 20 is not 
effected because the update clock register update- 
CLOCK still remains set at the false value FALSE. 
Accordingly, reproductive readout of the data stored in 
the data buffer 22 has not started yet. 
[0118] When the second packet including the data 
denoted by ordinal numbers "3" and "4" is received in 
the third service section SF3, the registers j and X are 
set to values "3" and "2", respectively, at step S11. In 
this case, an affirmative determination results at step 
S14 when the registers j and i have been set at "3" and 
"1", respectively. Because the time stamp information 
TIME STAMP" contained in the last received packet 
(which is "1") has been set in the receiving-end time 
stamp register TSr. a negative determination is yielded 
at following step SI 5. so that the control branches to 
step S1 7. In this case, the time stamp information TIME 
STAMP" contained in the current received packet is 
"17", and hence the arithmetic operation of step S17 
yields T = (17 - 1) / 4 = 4. At next step S18, the time 
stamp information TIME STAMP" indicating the value 
"17" is set into the receiving-end time stamp register 
TSr. and a true value TRUE is set into the update dock 
register updateCLOCK. Thus, subsequent step S21 
sets a sampling clock frequency for the receiving-end 
unit 20 in accordance with the above-mentioned period 
T. This permits reproductive readout of the data stored 
in the data buffer 22. The section (c) example of Fig. 1 
is shown as allowing the data readout according to the 
period T to be started at the beginning of the next serv- 
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ice section SF4. However, in an alternative, the repro- 
ductive readout of the data stored in the data buffer 22 
may be started immediately after the operation of step 
S21 is completed, even in the middle of the service sec- 
tion SF3. 

[0119] Further, when the third packet including the 
data denoted by ordinal numbers "5" and "6" is received 
in the fourth service section SF4, the registers j and X 
are set to values "5" and "2", respectively, at step S1 1 . 
In this case, the variable register i is first set to X" and 
then to "1". Thus, step S14 makes a determination for 
two values: j + i«5 + 0-5;andj + i-5+1-6.and 
the determination becomes negative for each of the two 
values, so that the control does not take the path 
through steps S1 7 and S18. Accordingly, the arithmetic 
operation of step S1 7 to determine the original period T 
is skipped, and thus the time stamp information TIME 
STAMP* of value "17" contained in the last received 
packet remains set in the receiving-end time stamp reg- 
ister TSr. Consequently, the sampling clock frequency 
renewal of step S21 is also skipped so that the repro- 
ductive readout of the data stored in the data buffer 22 
is continued as before with the clock frequency accord- 
ing to the last determined period T. This way, whenever 
the time stamp information "TIME STAMP" of contained 
in the packet is empty data "void", the sampling clock 
frequency renewal of step S21 is not carried out 
[0120] Then, when the fourth packet including the 
data denoted by ordinal numbers T and "8" is received 
in the fifth service section SF5, the registers j and X are 
set to values V and "2", respectively, at step S11. In 
this case as well, the variable register i is first set to "0" 
and then to "1". Step SI 4 yields an affirmative determi- 
nation when j + i = 7 + 1 ■ 8 . Then, the control goes to 
step S17, where an arithmetic operation of T« (33 - 17) 
/ 4 - 4 is executed using the time stamp information 
TIME STAMP" of value "33" contained in the current 
received packet and the time stamp information TIME 
STAMP" of value "1 T of the last-but-one packet stored 
in the receiving-end time stamp register TSr. At next 
step S18, the time stamp information TIME STAMP" of 
value "33" contained in the current received packet is 
set into the receiving-end time stamp register TSr, and 
a true value TRUE is set into the update clock register 
updateCLOCK. Thus, subsequent step S21 renews the 
sampling clock frequency for the receiving-end unit 20 
in accordance with the above-mentioned period T. 
[0121] Thereafter, similar operations take place, so 
that the reproductive readout of the time series data 
with the original period T as shown on the third row of 
section (c) of Fig. 1 continues to be executed in 
response to each received packet of the content as 
shown on the second row of section (c). 
[0122] The arithmetically determined period T has 
been described above as being of fixed value "4" 
because the time stamp information is expressed in a 
simplified value for convenience of explanation; how- 
ever, normally, the period T may take a much more com- 



plicated value depending on the resolution set for the 
individual values. The receiving-end unit 20 is subjected 
to synchronizing control such that its sampling clock fre- 
quency is constantly adjusted in accordance with the 
5 arithmetically determined period T. Thus, in response to 
the time stamp information transmitted for each prede- 
termined data group, control is effected such that the 
sampling clocks of the transmitting-end unit 10 and 
receiving-end unit 20 are in constant synchronism with 
io each other. 

[01 23] In the above-described embodiment, it is desir- 
able that the predetermined fixed number M be of such 
a value that does not aflow a time stamp to be attached 
to two or more data within one packet-forming period 
is (he., one service section SF), namely a value that is 
greater than the maximum number of data (three data in 
the illustrated examples of Rg. 1) supplied within one 
packet forming period. In particular, a smallest value in 
such a value range is most desirable in order to 
20 increase the reproductive resolution of the sampling 
period T at the receiving-end unit 20. It is also desirable 
to set the predetermined fixed number M to the power of 
2 because such a value can effectively simplify the nec- 
essary dividing calculation. 
25 [0124] In a simplest form to achieve synchronization 
between the sampling clocks at the transmitting- and 
receiving-end units, it should be sufficient that informa- 
tion instructing a sampling frequency be supplied from 
the transmitting-end unit to the receiving-end unit at the 
so outset of data transmission and a dock frequency divi- 
sion ratio is set to allow the receiving-end unit to pro- 
duce a sampling frequency corresponding to the 
sampling frequency instructing information. However, 
the reproduction process lasting for a long time tends to 
35 encounter various inconveniences because subtle dif- 
ferences could occur between the actual sampling fre- 
quencies at the transmitting- and receiving-end urate 
due to different individualities of quartz crystal oscilla- 
tors used as oscillating sources. Namely, in the data 
40 readout techniques based on the clock oscillator output, 
where the oscillator output is frequency-divided to pro- 
duce sampling clock pulses of a desired period, subtle 
differences could occur between the actual sampling 
frequencies at the transmitting and receiving-end units 
4$ due to a difference between individualities of the quartz 
crystal oscillator used for data readout at the transmit- 
ting-end unit and the quartz crystal oscillator used for 
data readout at the receiving-end unit even when a 
same frequency division ratio is employed at the two 
so end units. Such subtle differences would gradually 
accumulate, in a long-lasting continuous audio data 
reproduction, eventually leading to a great difference in 
reproduction timing. 

[0125] For example, in cases where information is 
55 exchanged between different systems, it has been con- 
ventional to accommodate a difference in data transmis- 
sion timing by just providing a buffer at the receiving- 
end unit. With the conventional technique, the presence 
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of a subtle dffierence between the sampling clock fre- 
quencies at the transmitting and receiving-end units 
would sometimes lead to an overflow of the receiving- 
end buffer (when the receiving-end clock frequency has 
become relatively low) or an underflow of the receiving- 
end buffer (when the receiving-end dock frequency has 
become relatively high); such an overflow or underflow 
is undesirable because it prevents appropriate data 
transmission and reception, bi contrast the present 
invention, employing the system where the clocks at the 
transmitting and receiving-end units are constantly con- 
trolled to synchronize with each other by attaching time 
information to data to be transmitted, can reliably avoid 
such a problem and hence is rnorepreferaJWa 
[0126] Whereas in the above-described embodiment 
the sampling clock frequency for controlling reproduc- 
tive readout from the data buffer 22 is set at the receiv- 
ing-end unit 20 on the basis of the period T 
arithmetically determined at step $17, the form of con- 
trolling the reproductive readout on the basis of time 
information may be modified, as necessary, without 
being constrained to the above-mentioned. For exam- 
ple, unique time information may be attached to each 
data haying no forie ^TT^jr^mation attained thereto 
so that the reproductive readout fe corxJucted withj£?er- 
ence tothe unique ¥me iht6rmafion.~~ 
[0127] jrj addition, data indicative of a fundamen tal 
sampOng period T may be tra nsmitted prior to da ta 
transmission so that the receMno-end unit 20 starts fhe 
reproductive data readout with the sampling per iod T 
corres ponding to the transmrtted data^By^ ^otng, the 
staSoUho reproductive data readout at the r eceiving - 
end unit 20 can be made earlier, than that in the ab ove- 
described embodiment by a time corresponding to one 
service section. 
[0128] 




[01 29] Note that H the data communication system as 
shown in section (b) of Fig. 1 is executed, modifications 
may be made in most cases such that steps S2 and S3 
in Fig. 3 are omitted, auaUIIfiQLy^liie of t he timer 13. 

^g^^^ ibi-;. • - - 



crfT!§f!TSRaavariable number V (stored value of reg- 
ister X) is used in place of the predetermined number M 
at steps S1 4 and S1 7 of Fig. 5. 



[0130] Further, if the data communication system as 
shown in section (a) of Fig. 1 is executed, modifications 
may be made in most cases such that a fixed number N 
indicative of the number of data per packet is used in 
5 place of the predetermined number M at step S2 of Fig. 
3 and steps S14 and S17 of Fig. 5 and an additional 
step Is executed at the beginning of the transmission 
interrupt process to determine whether the number V 
of data in the transmission buffer TBF is equal to or 
io greater than the number N. In this case, the transmis- 
sion interrupt process is terminated if answered bi the 
negative at the additional step, but continues to be exe- 
cuted if answered in the affirmative at the additional 
step. When the execution of the transmission interrupt 
15 process should continue, the predetermined number N 
is set at step S6 as the number of sample "SAMPLE x" 
in readiness for transmission, and the first N data of 
those stored in the transmission buffer TBF are formed 
as a packet at step S7 with any remaining data left 
20 stored in the buffer TBF. 

[01 31 ] Fig. 6 is a block diagram illustrating a hardware 
structure of a device, such as a personal computer, that 
can be suitably used either as the transrnittirtg-end unit 
or as the receiving-end unit. 
25 [0132] In the system of Fig. 6, a CPU (Central 
Processing Unit) 31 is used as a main control section, 
under the control of which are executed transmission 
processing programs as shownjn Fjflg. JL^jiilQla 
reception processing program as shown in Rg. 5. To the 
so CPU 31 are connected, via a data and address bus 44, 
a ROM (Read-Only Memory) 32, a RAM (Random 
Access Memory) 33, a communication network I/O 
(Input/Output device) 34, a timer 35, a mouse 36, a key- 
board 37, a display 38. a hard disk 39. a DMAC (Direct 
35 Memory Access Controller) 40. a sound I/O (Input/Out- 
put device) 41 , a sampling clock generator circuit 42, an 
external memory drive 43, etc. 
[0133] The sound I/O 41 is a sound input/output 
device commonly called a "CODEC, which contains a 
40 digital-to-anaiog converter (DAC), an analog-to-digital 
converter (ADC), an input FIFO (First-In-First-Out) 
buffer connected with the ADC, an output FIFO buffer 
connected with the DAC. etc. Analog audio signal is 
supplied via an external audio signal input terminal 45 
45 to the ADC in the sound I/O 41. so that the supplied 
audio signal is converted to a digital audio signal in 
response to a sampling clock pulse of a predetermined 
frequency generated from the sampling clock generator 
circuit 42 and then fed to the input FIFO buffer. When 
so data is present in the input FIFO buffer, a signal 
requesting execution of a sound recording process is 
output to the DMAC 40. The DMAC 40 receives the ana- 
log audio data from the input FIFO buffer in response to 
the sound recording process request from the sound I/O 
55 41 and delivers the analog audio data via the bus 44 to 
the internal memory, such as the RAM 33. for storage 
therein. 

[0134] An external recording medium 46, such as a 
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floppy disk. CD-ROM (Compact Disk Read-Only Mem- 
ory) or MO (Magneto-Optical Disk), is removably 
attached to the external memory drive 43 for data 
read/write by the drive 43. Such an external recording 
medium 46 may be used to store therein control pro- 
grams as shown in Rgs. 3 to 5 and other programs, or 
to store audio data and the like. For example, the exter- 
nal recording medium 46 storing aucfio data to be trans- 
mitted is set in the external memory drive 43 so that the 
drive 43 reads out the audio data from the recording 
medium 46 to then deliver the readout data via the bus 
44 to the internal memory, such as the RAM 33. for stor- 
age therein. 

[0135] Where the system of Fig. 6 is arranged to func- 
tion as the transiritting-end unit 10. the CPU 31 exe- 
cutes the transmission processing programs as shown 
in Figs. 3 and 4 and transmits the audio data stored in 
the RAM 33 to the communication network 30 (Fig. 2) 
via the communication network I/O 34. 
[01 36] On the other hand, where the system of Fig. 6 
is arranged to function as the receiving-end unit 20, the 
CPU 31 executes the reception processing programs as 
shown in Fig. 5 and receives the audio data delivered 
via the communication network I/O 34 and communica- 
tion network 30 (Fig. 2) to store the received data into 
the internal memory such as the RAM 33. Also, a fre- 
quency of clock pulses generated by the sampling clock 
generator 42 is variably set in accordance with the sam- 
pling dock frequency of the received data. The received 
audio data stored in the RAM 33 may be preserved in 
the hard disk 39 or on the external recording medium 46 
or read out under the control of the DMAC 40 for sound- 
ing through the sound system 47. In such a case, the 
DMAC 40 reads out the audio data stored in the RAM 
33 through the output buffer, sample by sample, in 
accordance with the direct memory access scheme in 
synchronism with reproduction sampling dock pulses 
from the sound I/O 41. The sound I/O 41 writes the 
audio data into its internal output FIFO buffer and then 
reads out the data from the output FIFO buffer in 
accordance with the sampling dock pulses to transfer 
the read-out data to the DAC for digital-to-analog con- 
version. The resultant converted waveform data are 
then supplied to the sound system 47 for audible repro- 
duction or sounding therethrough. 
[0137] The transmission and reception processing 
programs of the present invention as shown in Rgs. 3 to 
5 may be stored in any of the ROM 32. RAM 33, hard 
disk 39 and external recording medium 46. 
[01 38] Further, the system of Fig. 6 may be connected 
via the communication network I/O 34 to the communi- 
cation network so that it can receive the transmission or 
reception processing program from an external server 
computer (not shown) and transfer the received pro- 
gram to the RAM 33 or hard disk 39 for storage therein. 
[0139] With the first embodiment arranged in the 
above-described manner, an improved data communi- 
cation system is provided which is suitable for use in 



applications where a plurality of data, such as digital 
audio data, arranged in a time series of a predeter- 
mined period are transmitted from a Iransmittii tg-end 
unit via a communication network, and which, while 
5 allowing users to enjoy the benefits of an asynchronous 
packet communication, can effectively reduce a total 
quantity of transmitted data per packet by expressing 
time information for the packet in minimized data quan- 
tity. 

10 [0140] The first embodiment also provides an 
improved data communication system which can mini- 
mize time delays that would be caused in data transmis- 
sion between a transmitting -end unit and a receiving- 
end unit receives. Further, in this case, an arithmetic 

15 operation necessary for the receiving-end unit to repro- 
duce the time information can be simplified to a sub- 
stantial degree. 

[0141] Mow, a second embodiment of the present 
invention will be described. 

20 [0142] Frg. 7 is a block diagram outlining an exemplary 
organization of a data communication system of in 
accordance with the second embodiment of the present 
invention. In Fig. 7, reference numeral 110 represents 
the communication network that is capable of the iso- 

25 chronous data transfer as described earlier in relation 
Fig. 25. Further, reference numeral 111 to 113 repre- 
sent examples of nodes connected to the network, of 
which the node 112 is a transmitting station for transmit- 
ting time-serial data to be reproduced on the time axis, 

30 such as a tone source sending out tone waveform sig- 
nals. The node 1 13 is a receiving station for receiving 
the above-mentioned time-serial data, such as a mixer 
that mixes together the tone waveform signals. More 
specifically, time-serial data, such as tone waveform 

35 data, sampled at predetermined sampling timing are 
transmitted from the transmitting station, along with tone 
stamps attached thereto. Then, the receiving station 
113 receives and reproduces the transmitted tone 
waveform data at timing specified by the time stamps. 

40 Note that a plurality of other nodes are also connected 
to the communication network 110, one of the other 
nodes 1 1 is designated to function as the above-men- 
tioned cyde master (i.e., cycle-start packet transmitting 
station). 

45 [01 43] Fig. 8 is a block diagram outlining an exemplary 
inner structure of each of the nodes 1 1 1 to 1 1 3. In Fig. 
8, reference numeral 121 represents a central process- 
ing unit (CPU), 122 a ROM having prestored therein 
operating programs and various data, 123 a RAM for 

so use as working areas and the like. 124 a timer contain- 
ing the above-mentioned cyde timer register and capa- 
ble of generating a variety of timing signals, 126 a 
network interface drcuit for connection with the network 
110. and 127 an internal bus. Further, reference 

55 numeral 125 represents a data utilizing/generating dr- 
cuit, which is caused to function as the data generating 
drcuit when the node in question is the transmitting sta- 
tion 1 12 but caused to function as the data utilizing dr- 
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curt when the node in question is the receiving station 
113. 

[0144] Figs. 9A and 9B are furxrtonal block diagrams 
explanatory of data transfer operations carried out in the 
transmitting station 1 1 2 and receiving station 1 1 3. 
[0145] Specifically, Fig. 9A is a block diagram explan- 
a atory of behavior of the transmitting station 112, where 
\Z-£eference numeral 131 represents a data generating cir- 
. curt tha t every basic period of 1 25 usee, generates an 
ISO o K/frrtfr fsochrorous-channel transmission packet on the ba sis 
of a plurality of tone sample data sampled with a prede- 
termined sampling frequency and a time stamp 
attached to the tone sample data. Reference numeral 
1 32 represents a data buffer for storing each packet pro- 
ducedijy^e d^~ge^ a 
FIFO (First- ln-Rrst-Out)-type wait buffer into which the 
packet temporarily stored in the data buffer 1 32 is writ- 
ten in response to an output (cycle timer output) from 
the cycle timer register indicative of the above-men- 
tioned first timing. Further, reference numeral 134 rep- 
resents a transmission buffer for storing the packet read 
out from the wait buffer 133 in response to a cycle start 
signal that is generated upon reception of a cycle start 
packet indicative of a start of a new transmission cycle. 
The packet thus stored in the transmission buffer 134 is 
sent out td the communication network 1 10 at timing 
designated for the isochronous channel in question. 
[0146] Further, Fig. 9B is a block diagram explanatory 
of behavior of the receiving station 113, where refer- 
ence numeral 135 represents a reception buffer for stor- 
ing each of the packets sent out to the communication 
network which is to be received by the receiving station 
113, and 136 a FIFO-type wait buffer into which the 
packet temporarily stored in the reception buffer 135 is 
written in response to the cycle start signal. Reference 
numeral 137 represents a data buffer into which the 
packet stored in the wait buffer 136 is written in 
response to the output from the cycle timer register 
indicative of the above-mentioned first timing, and 138 
represents a data utilizing circuit that reproduces the 
data of the packet from the data buffer 137 at timing 
specified by the time stamp. 

[0147] In the above-mentioned manner, the transmit- 
ting end generates a data packet in accordance with the 
first timing and transmits it to the communication net- 
work in response to the cycle start signal (second tim- 
ing), and the receiving end receives the transmitted 
packet on the basis of the second timing and repro- 
duces the data on the basis of the first timing. 
[0148] Figs. 1 0A and 1 0B are diagram explanatory of 
a transmission packet produced by the data generating 
circuit 131. Specifically, Fig. 10A is explanatory of data 
to be transmitted (transmission data), which are, for 
example, five discrete data "1" to "5" obtained by sam- 
pling a continuous signal, such as a tone waveform sig- 
nal, at predetermined sampling intervals ts —in this 
case ts = 25 (=125/25) usee. The first sampled data "1" 
is one sampled at a time point that is later than the first 



timing signal by a time t and the remaining sampled 
data "2" to "5* are data sampled later than the time point 
t by amounts equal to respective multiples of time value 

5 [0149] Further, in this bus system, the basic dock fre- 
quency O is set to 24.576 MHz (i.e.. a 40.7-nanosecond 
dock period), and thus any time position in one refer- 
ence cycle (125 usee.) can be expressed by the clock 
cycles; that is. any time position in one reference cycle 

w can be expressed by a specific number of system clock 
pulses In the range of "0" to "3071 
[0150] Thus, in the present invention, the timeposrtion 
t of the first sampled data within the corresponding ref- 
erence cyde, which is expressed using the number of 

is the clock cydes. is used as a value of the tune stamp, 
and respective reproduction timing of the other sampled 
data "2" to "5* is determined by sequentially adding the 
sampling interval ts to the time position of the first sam- 
pled data. 

20 [01 51 ] In Fig. 1 0B, there is shewn an organization of 
a packet in which such data are transmitted. As shown, 
the transmission packet comprises a combination of the 
time stamp provided at the beginning of the packet to 
indicate a time position t of the first sampled data in the 

25 packet and the first to fifth sampled data following the 
time stamp. Because the time stamp is expressed by a 
specific number of the system dock pulses in the range 
of T)" to "3071 "clock cydes as note earlier, it is provided 
as 12-bit data. 

so [0152] For the purpose of comparison, the typical 
organization of the conventionally-used time stamp is 
illustrated in Fig. 10G. Although the conventional time 
stamp also comprises a combination of the time stamp 
and the first to fifth sampled data following the time 

35 stamp, the time stamp has a data size, such as a 32-bit 
size, that is different from that used in the present inven- 
tion. Specifically, the lower 12 bits of the time stamp 
indicate the time position t of the first sampled data in 
the packet as in the example of the invention, and the 

40 following 1 3 bits indicates a unique number of the refer- 
ence cyde, and the uppermost seven bits indicates a 
time point in seconds. Because the conventional time 
stamp is arranged to express the whole of absolute time 
shared between all of the nodes, it needs a data size or 

45 length that is 20 bits greater than the one in the present 
invention. 

[01 53] In the network system of the present invention, 
where each transmission data generated in accordance 
with the first timing is sent out to the network in accord- 
so ance with the second timing, the second timing is some- 
times generated with some time lag behind the first 
timing, as noted above. As a consequence, it is possible 
that two transmission data are undesirably contained 
within a same reference cyde determined on the basis 
55 of the first timing. Even in such an undesirable situation, 
the data communication system according to the 
present invention can accurately reproduce the original 
data at respective predetermined time positions without 
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involving any inconveniences. 
[0154] Now, a description will be given about behavior 
of the data communication system of the present inven- 
tion, with reference to a time chart of Fig. 11, where the 
horizontal axis represents the passage of time. Data s 
obtained by sampling the original data within a refer- 
ence cyde from time point tl to time point t2 are formed 
into a packet 15 with a 12-bit time stamp as stated 
above and temporarily stored in the data buffer 1 32. The 
packet 51 thus stored in the data buffer 132 is written 10 
into the FIFO-type wait buffer 1 33 in response to a cyde 
timer output generated at time point t2. 
[0155] Another packet 52 corresponding to the origi- 
nal data within a period from time point t2 to time point 
t3 is similarly produced and temporarily stored in the is 
data buffer 132. Upon arrival at time point t3, the packet 
52 is written into the FIFO-type wait buffer 133 in 
response to the cyde timer output A cycle start packet 
has not yet been transmitted at time point t3 as previ- 
ously mentioned, and thus the two packets 51 and 52 20 
are stored in the wait buffer 133 at time point t3. As illus- 
trated, once a transmission cyde is initiated slightly 
after time point t3 and the cyde start packet is transmit- 
ted, a cyde start signal is output, in response to which 
the packet 51 is transferred to the above-mentioned 25 
transmission buffer 134. Then, the packet thus stored in 
the transmission buffer 134 will be sent out to the corrv 
munication network 1 1 0 at a time point corresponding to 
the isochronous channel within this transmission cyde. 
[0156] In the illustrated example, the transmission so 
cyde is initiated slightly after the reference cyde, so that 
the transmission of the packet 51 takes place after next 
reference timing point t4. Thus, the packet 51 will be 
stored into the reception buffer 135 after time point t4. 
Once a next transmission cyde is initiated a time td later ss 
than time point t4 and the cyde start packet 101 is sent 
out, the second packet 52 is transferred to the transmis- 
sion buffer 134 and then sent out to the network 110 
during this transmission cyde period. In this way, the 
two packets will be transmitted and received within the 40 
single reference cycle from time point t4 to time point t5. 
[0157] The two packets 51 and 52 are received and 
written into the reception buffer 135 during the period 
from time point t4 to time point t5. The received and writ- 
ten packets 51 and 52 are transferred to the wait buffer 45 

136 in response to the cyde start signal and then 
passed from from the wait buffer 136 to the data buffer 

137 in response to a cyde timer output indicative of the 
reference timing. More specifically, the first packet 51 is 
stored into the reception buffer 135 immediately after so 
time point t4 and then stored into the wait buffer 136 in 
response to the cycle start signal indicative of a start of 
the next transmission cycle. At that time, the second 
packet 52 transmitted in the transmission cycle initiated 

in response to that cycle start signal has been stored in ss 
the reception buffer 135. Upon arrival at time point t5, 
the packet 51 stored in the wait buffer 136 is written into 
the data buffer 137 in response to the cycle timer output 



so that it is reproduced on the time axis by means of the 
data utilizing drcuit 138. The other packet 52 having 
been stored in the reception buffer 135 is transferred to 
the wait buffer 1 36 in response to the cyde start signal 
indicative of a start of another transmission cyde and 
written into the data buffer 137 at time point t6, so that it 
is reproduced at accurate timing during a period from 
time point t6 to t7. 

[0158] In the above-mentioned manner, it is possible 
to reproduce the original data at accurate timing by just 
using the time stamp data that consists of a reduced 
number of bits and onfy represents a difference or devi- 
ation from a cyde timer output point within the reference 
cycle. 

[0159] The above-described functions can also be 
implemented by software. Rgs. 12A to 12C and Figs. 
13A to 13C are flow charts of various processes carried 
out at the transmitting and receiving ends to perform 
these functions. Specifically, Figs. 12A to 12C illustrate 
the processes carried out at the transmitting end, while 
Figs. 13A to 13C illustrate the processes carried out at 
the receiving end. 

[01 60] Fig. 1 2A shows a data generating process exe- 
cuted at the transmitting end, which corresponds to the 
function of the above-mentioned data generating drcuit 
and produces a data packet of the original data to be 
transmitted, having a time stamp indicative of a time 
position value of the forefront data. 
[0161] Fig. 12B shows a cyde timer interrupt process 
executed at the transmitting end in response to a cyde 
timer interrupt signal indicative of the above-mentioned 
first timing, where the data of the data buffer are trans- 
ferred to the wait buffer to dear the data buffer. 
[0162] Further, Fig. 12C shows a cyde start interrupt 
process initiated at the transmitting end in response to a 
cyde start interrupt signal generated upon receipt of the 
cyde start packet, which retrieves the oldest data in the 
wait buffer and transfers the retrieved data to the trans- 
mission buffer. 

[01 63] Fig. 1 3 A shows a data reception interrupt proc- 
ess executed at the receiving end upon receipt of a 
packet via the communication network, where the 
packet is recorded into the reception buffer if the 
received data are considered to be necessary data in 
the receiving station. Fig. 1 3B shows a cyde start inter- 
rupt process executed at the receiving end in response 
to the cyde start interrupt signal generated upon receipt 
of the cyde start packet, where the data of the reception 
buffer are transferred to the wait buffer to dear the 
reception buffer of the packet. Further. Fig. 13C shows 
a cyde timer interrupt process initiated at the receiving 
end in response to the cycle timer interrupt signal, 
which retrieves the oldest data in the wait buffer and 
transfers the retrieved data to the data buffer. 
[0164] It will be appreciated that whereas the second 
embodiment of the present invention has been 
described above in relation to the case where the 
IEEE1394 high-speed serial system is employed, it is 
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not so fimfted and also applicable to any other network 
systems supporting similar isochronous transmission. 
[0165] Further, the number of bits in the time stamp ' 
may be set as desired depending on required time 
accuracy or the Eke. s 
[016$] Moreover, the data to be transmitted may be 
other data than tone-related data, such as picture (ani- 
mation) data and time-varying data including non-tone- 
related waveform data. 

[0167] The second embodiment having been to 
described so far can effectively reduce the necessary 
number of bits in the time stamp, thus achieving an 
enhanced transmission efficiency. 
[0168] Next a description wOl be made about a data 
communication system in accordance with a third is 
embodiment of the present invention. 
[0169] In the third embodiment there may employed 
a system organization similar to the one shown in Fig. 7. 
and the internal structure of each of a plurality of nodes 
may also be similar to the one shown in Fig. a Fig. His 20 
a diagram explanatory of a transmission packet in the 
third embocfiment which is also similar to that shown in 
Figs. 10A and 10B. 

[0170] Fig. 15 is a block diagram showing an exem- 
plary organization of a communication network to which 25 
is applied the data communication system according to 
the third embodiment. 

[0171] As shown in Fig. 15, the communication net- 
work comprises segment 1 including nodes N11 to N13, 
segment 2 including nodes N21 to N23. and segment 3 so 
including nodes N31 to N33. The communication net- 
work also includes a bridge B1 between buses of seg- 
ment 1 and segment 2, and a router R1 between buses 
of segment 2 and segment 3. 

[0172] The bridge B1 includes a physical layer and a 35 
data link layer and interconnects the bus of segment 1 
and the bus of segment 2. The router R1 , which is capa- 
ble of interconnecting transmission paths of different 
protocols, interconnects the bus of segment 2 and the 
bus of segment 3. Note that whereas the bridge B1 and 40 
router R1 may be constructed in a similar manner to the 
node shown in Fig. 8. these two elements are not pro- 
vided with the data utilizing/generating circuit 125. 
[0173] In the communication network of Fig. 15, both 
isochronous transmission and asynchronous packet 45 
transmission are carried out in the manner as described 
earlier in relation to Fig. 25. As a consequence, the 
cycle start packet is transmitted basically at time inter- 
vals corresponding to the output timing of the cycle 
timer (i.e., 125 usee.); however, when transmission of so 
another packet is under way, transmission of the cycle 
start packet is waited until the transmission of the other 
packet is completed. 

[0174] The data communication system of the inven- 
tion, which is applied to such isochronous transmission 55 
and asynchronous packet transmission between the 
segments are carried out via the bridge B1 and router 
R1. 



[0175] In the communication network of Rg. 15. the 
asynchronous packet transmission is caused to con- 
tinue until the packet is completely transferred, and thus 
it is likely that the transfer wil continue beyond the 
period of the cycle timer. As a result there may occur 
such an undesirable situation where two transmission 
data are included within one operating cycle of the cycle 
timer. However, even in such a situation, the data com- 
munication system of the invention can properly trans- 
mit data without loosing a relative time-positional 
relationship between the individual data and thus repro- 
duce the original data at predetermined time positions. 
[0176] Behavior of the data communication system 
according to the third embodiment of the present inven- 
tion will be described below, with reference to a time 
chart of Fig. 16, where the horizontal axis represents 
the passage of time. Data Si-2. obtained by sampling 
the original data in one cycle (frame) from time point ti- 
2 to time point ti-1 as illustrated in section (b). are 
formed into a packet A1 with a 12-bit time stamp as 
stated above and temporarily stored in the data buffer. 
The packet A1 thus stored in the data buffer is written 
into the wait buffer in response to a cycle timer output 
generated at time point ti-1. Then, upon detection of a 
cycle start packet having been sent out from the cycle 
master after time point ti, the packet B1 stored in the 
wait buffer is stored into the transmission buffer as a 
packet CI. Thereafter, the packet CI thus stored in the 
transmission buffer is sent out to the network as a 
packet D1 as shown in Fig. 15 at predetermined timing 
allocated to a particular channel though which the 
packet is to be transmitted. 

[01 77] Similarly, data Si-1 , obtained by sampling the 
original data in another cycle (frame) from time point ti- 
1 to time point ti. are formed into another packet A2 with 
a 12-bit time stamp and temporarily stored in the data 
buffer. The packet A2 thus stored in the data buffer is 
written into the wait buffer in response to a cycle timer 
output generated at time point ti. Then, upon detection 
of a cycle start packet that is sent out from the cycle 
master after time point ti+1 , the packet B2 stored in the 
wait buffer is stored into the transmission buffer as a 
packet C2. Thereafter, the packet C2 thus stored in the 
transmission buffer is sent out to the network as shown 
in Fig. 15 at predetermined timing allocated to the par- 
ticular channel. 

[01 78] In this case, the two packets D1 and D2 of the 
same channel would coexist in a frame between time 
point ti+1 and time point ti+2 since the time of the cycle 
start packet transmission in the frame between time 
point ti and time point ti+1 is considerably delayed 
behind time ti due to the nature of the asynchronous 
transmission. Because the time stamps attached to the 
packets D1 and D2 are expressed in relative time val- 
ues, the data in the two packets D1 and D2 may mix 
together rf a reproduction process is executed in simple 
form at the receiving end; namely, the relative time-posi- 
tional relationship between the individual data may be 
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lost 

(0179] To avoid such a loss of the relative time-posi- 
tional relationship between the individual data, the data 
communication system of the invention carries out proc- 
esses as illustrated in sections (f) to (i) of Fig. 16 by 
means of the bridge B1 and router Rl of Fig. 15. 
[0180] In the process illustrated in section (f) of Fig. 
16. an operation is performed to determine a delay time 
"delay(n)" of a received packet E1 from the correspond- 
ing cycle start packet Similarly, a delay time 
"delay(n+1)* of another received packet E2 from the 
corresponding cycle start packet is measured. After 
that, operations are performed to impart a transferring 
time stamp to the received packet E1 and to replace the 
previously-attached time stamp of the packet E1 with a 
reproducing time stamp. In these operations, it is first 
ascertained which of the cycle timer cycles the received 
packet E1 belongs to; here, a particular frame where the 
cyde start packet corresponding to the packet E1 is res- 
ident is determined as the frame containing the packet 
El. 

[0181 ] Namely, because the cycle start packet corre- 
sponding to the received packet El was sent out in the 
frame between time points ti and tw-1. the packet E1 is 
determined as belonging to the frame that starts at time 
point ti. In a similar manner, the other packet E2 is 
determined as belonging to the frame that starts at time 
point ti+1. ;<v 
[0182] "^g^ e r/^gg^^g^^ B^teff^ bv 
adding one frame time length and delay time "deteyfo )'' 
t o tH5~fima value at time, point ti . i s attached to the 
packet E1 as a transferring time stamp. Then, upon 
arrival at the time represented by the transferring time 
stamp, i.e., when a predetermined time equivalent tojhe 
delay time "delay(n)" res elapsed from time point ti+1. 
the packet E1 is stored into the wait buffer as a packet 
F1 , as illustrated in section (h) of Fig. 1 6. 
[0183] The other packet E2 is treated similarly. That is, 
a time stamp value, obtained by adding one frame time 
length and delay time "delay(n+1)" to the time value at 
time point ti+1. is attached to the packet E2 as a trans- 
ferring time stamp. Then, upon arrival at the time repre- 
sented by the transferring time stamp, i.e., when a 
predetermined time equivalent to the delay time 
"delay(rHl)" has elapsed from time point ti+1. the 
packet E2 is stored into the wait buffer as a packet F2, 
as illustrated in section (h) of Fig. 16. 
[0184] The packet F1 thus stored in the wait buffer is 
stored into the transmission buffer upon detection of a 
cycle start packet that has been sent to another seg- 
ment in the frame starting at time point ti+3. and then it 
is transmitted, as a packet G1. to the other segment at 
predetermine timing allocated to a particular channel by 
which the packet F1 is to be transmitted, as illustrated in 
section (i) of Fig. 16. Similarly, the other packet F2 
stored in the wait buffer is stored into the transmission 
buffer upon detection of a cycle start packet that has 
been sent to another segment in the frame starting at 



time point ti+4, and then it is transmitted, as a packet 
G2. to the other segment at predetermine timing allo- 
cated to the particular channel, as illustrated in section 
(i) of Fig. 16. 

5 [0185] The reason why the transferring time stamp is 
generated by adding the delay time "delayfn)" or 
*delay(n+1)" of the received packet from the corre- 
sponding cycle start packet is that there is QkeGhood 
that it wont be fully acco m modated within a single 
10 frame unless the delay time is duly taken into account 
[0186] The previously-attached time damp of the_ 
received packet El is re placed with a reproducing time" 
stamp that is newly generated by adding, to the time 
value of time point ti, one frame time length and relative 
is time value of the previously-attached time stamp. Then, 
upon arrival at the time represented by the reproducing 
time stamp, i.e., when a time equivalent to the relative 
time stamp value has elapsed from time point ti+1. the 
data of the packet E1 are sent to the data utilizing circuit 
so 125, so that the data in the packet are reproduced on 
the time axis in the frame starting at time point ti+2 as 
illustrated in section (g) of Fig. 16. 
[0187] 




35 [0188] The above-descrfoed operations may be per- 
formed either by software or by hardware. Processes 
executed at the transmitting end to implement the 
essential functions in the third embodiment may follow 
the same operational sequences as f bwcharted in Figs. 

40 12Ato12C. 

[0189] Figs. 17, 18 and 19, which will be described 
below, are flow charts explanatory of the functions of the 
bridge B1 and router R1 shown in Fig. 15. 
[0190] Fig. 17 is a flow chart of a cycle start interrupt 

45 process carried out at the receiving end in the third 
embodiment. In this cycle start interrupt process, which 
is initiated by a cycle start interrupt signal generated in 
response to reception of a cyde start packet, a cycle 
start counter for measuring time within each frame is 

so first reset to an initial value at step S40. At next step 
S41, the cycle start interrupt process extracts data of 
upper 20 bits from among 32-bit time information TIME 
stored in a cycle timer register that increments its count 
in accordance with the passage of time on the comma- 

55 nication network, and stores the extracted time informa- 
tion into a register ssp_base Jime. The extraction of the 
upper-20-bit data is effected by ANDing the time infor- 
mation TIME and hexadecimal data "OxFFFFFOOO". 
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[0191] Here, the upper 20 bits of the time information 
TIME together constitute information that identifies par- 
ticular timing at which the frame in question should 
start and the remaining 12 brts of the time information 
TIME together constitute information that identifies a 
changing time point within the frame. 
[ 0192] Fig. 18 is a flow chart of a data reception inter - 
rupr process camea out at the receiving end inJfa aihird 
embodiment In this data reception interrupt process, 
i which is initiated by a data reception interrupt signal 
. \generated in response t o receptionpf q packet, thft f ime 

7AggWgv»t» taamp attached to the rap *** ^y^^pous Packet is 
i*lu4 fextrqctad and stored intn g register Time Stan gatstep 

Then, a current counte d value of the cyde start 
" is set into a register "delay" as a delay time of 
e received pacf ?t at next step S51 . 
[0193] At n&i step S52, hexadecimal data "0x1000" 
and the delay time set in the "delay" register are added 
to the time information stored in the register 
ssp_base_time, and the added time information is then 
stored into a register TS1 . 

[0194] After that, a determination is made at step S53 
as to whether the time stamp value stored in the register 
Time Stamp is greater than the value of the time infor- 
mation TIME. With an affirmative (YES) determination, 
it mea ns that the time represented by the time stamp 
has_QQt yet §rrjy&l so that the process moves on to 
step S55_t n order to add together trfttimg jr ifermation 
stored in the register ss pjtose Jtime, tie hexadecim al 
data "0x1000" and the time stamp value stored in the 
r egister TjrjxeJ^anp . iTie ao ae a result is then stored 
into a register TS2js Tvalue of the above-mentioned 
r eproducing time stam g. 

[0195] If, on the other hand, a negative (NO) determi- 
nation is made at step S53, it means that the time rep- 
resented by the time stamp has already lapsed, so that 
the process moves to step S54 in order to set the time 
stamp value, stored in the register Time Stamp; into the 
register TS2 as a value of the above-mentioned repro- 
ducing time stamp. 

[01 96] After that the data reception interrupt process 
moves on to step S56, where the time information 
stored in the register TBI is attached to the received 
packet as a transferring time stamp and then transferred 
to a frahsferbuffer] Further, at step S57, ^ejjm^ejrtam£ 



"at tached to the received data isTeplac ed with the repro- 
ducing time sterrp stgr^ 
tran^erred'td a readout buffer. 
"[0197] Fig7~T9 is a flow chart of a timer interrupt proc- 
ess carried out at the receiving end in the third embodi- 
ment. In this timer interrupt process, which is initiated by 
a timer interrupt signal generated every reference clock 
pulse of the system having a frequency of 24.576 MHz 
(i.e., a 40.7 nanosecond period), a comparison is made 
at step S60 between the time information TIME cur- 
rently stored in the cycle timer register and the replaced 
or newly attached time stamp currently stored in the 
readout register, i.e., the reproducing time stamp stored 
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in the register TS2. If the compared two time values 
match each other or the time represented by the time 
information TIME has passed the time represented by 
the reproducing time stamp as determined at step $60, 
it means that predetermined reproduction timing has 
already arrived, and the process moves on to step S61 
to read out and pass the packet data in the readout 
buffer to the data utilizing circuit, so that the circuit 
reproduces the packet data on the time axis. Then, the 
packet data are deleted from the readout buffer at step 
S62. 

[0198] rf the time represented by the time information 
TIME has not yet passed the time represented by the 
reproducing time stamp as determined at step S60, it 
means that predetermined reproduction timing has not 
yet arrived, and the process jumps to step S63 without 
performing the reproduction operation. 
[0199] At step S63, a comparison is made between 
the time information TIME stored in the cycle timer reg- 
ister and the newly-attached time stamp currently 
stored in the transfer register, i.e., the transferring time 
stamp now stored in the register TS1. If the compared 
two time values match each other or the time repre- 
sented by the time information TIME has passed the 
time represented by the transferring time stamp as 
determined at step S63, it means that predetermined 
transfer timing has already arrived, and the process 
moves on to step S64 to determine whether or not the 
packet currently stored in the transfer buffer is to be 
transferred to another segment If a YES determination 
[is made at step S64, the process goes to step S65 to 
the packet data from the transfer buffer to the wait 
| buffer. Then, the packet data are deleted from the trans- 
fer buffer at step S66. As previously noted, the packet 
data thus sent to the wait buffer are sent out to the other 
segment upon detection of a cycle start packet in a pre- 
determined frame of the other segment. 
[0200] ff the time represented by the time information 
TIME has not yet passed the time represented by the 
transferring time stamp as determined at step S63, it 
means that predetermined transfer timing has not yet 
arrived, so that the timer interrupt process is brought to 
an end. Further, if the packet currently stored in the 
transfer buffer has been determined as a packet not to 
be transferred to another segment as determined at 
step S64, then the process jumps to step S66 to delete 
the packet data from the transfer buffer without perform- 
ing the transfer operation of step S65. 
[0201] It will be appreciated that whereas the third 
embodiment of the present invention has been 
described above in relation to the case where the 
IEEE1394 high-speed serial bus system is employed, it 
is not so limited and also applicable to any other net- 
work systems supporting similar isochronous transmis- 
sion. 

[0202] Further, the number of bits in the time stamp 
may be set as desired depending on required time 
accuracy or the like. 
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[0203] The third embodiment having been descrbed 
so far is characterized in that a time value, obtained by 
adding the time delay of the received data from the cor- 
responding cycle start packet and one cycle time length 
to the start time point of a cycle which the cycle start 
packet belongs to. is attached to the received data as a 
transferring time stamp. With this arrangement the third 
embodiment achieves an enhanced data transmission 
efficiency and also can avoid loosing the relative time- 
positional relationship between the individual data. 
[0204] The third embodiment is also characterized in 
that a time value, obtained by adding the time delay of 
the received data from the corresponding cyde start 
packet and one cyde time length to the start time point 
of a cyde which the cycle start packet belongs to, is 
attached to the received data as a reproducing time 
stamp. With this arrangement the third embodiment 
achieves an enhanced data reproduction efficiency 
without loosing the relative time-positional relationship 
between the individual data, even when the reproducing 
time stamp is of a small bit size or length, say. below 32 
bits. 

[0205] Next a description wiQ be made about a fourth 
embodiment of the present invention. 
[0206] Fig . 20 is a block diagram showing an example 
of a network system to which is applied a network data 
synchronizing system in accordance with the fourth 
embodiment of the present invention. In this figure, ref- 
erence character N41 represents node 1 which is, for 
example, a tone source similar to node 1 of Rg. 26. Fur- 
ther, reference characters N42 and N43 represent node 
2 and node 3. which are, for example, a reverberation 
process section and a panning process section, respec- 
tively, that are similar to node 2 and node 3 of Rg. 26. 
N44 represents node 4 which is a time aligner that syn- 
chronizes various data on the communication network, 
as will be detailed later. Furthermore, reference charac- 
ter IM45 represents node 5. which is, for example, a 
mixer similar to node 4 (N4) of Rg. 26. 
[0207] In the cxxnmunication network thus arranged, 
node 1 (N41), which transmits tone data to a corre- 
sponcfing channel at each predetermined timing (every 
frame), attaches, to each one of the tone data to be 
transmitted, a data mark indicative of transmission tim- 
ing of the data. Typically, as such a data mark, an 
unique identification number of the frame, time stamp 
data or the like is used. 

[0208] In a similar manner to the above-described 
case of Rg. 26, data (such as tone data) output from 
node 1 (N41) at same timing are sent through different 
routes or paths to some of the nodes for predetermined 
processing and then fed to the time aligner node or 
node4(N44). 

[0209] Namely, similarly to the case of Fig. 26. four dif- 
ferent types of data are input to node 4 (N44): first-type 
data that is directly supplied from node 1 (N 41) to node 
N4 as denoted by arrow A14; second-type data that is 
first passed from node 1 (N41) to node 2 (N42) for pre- 



determined processing, such as a reverberation proc- 
ess, and then supplied to node 4 (N44) as denoted by 
arrow A124; third-type data that is first passed from 
node 1 (N41) to node 2 (N42) for predetermined 
processing, such as a reverberation process, then to 
node 3 (N43) for predetermined processing, such as a 
panning process, and then applied to node 4 (N44) as 
denoted by arrow A1234; and fourth-type data that is 
first passed from node 1 (N41) to node 3 (N43) for pre- 
determined processing, such as the panning process, 
and then supplied to node 4 (N44) as denoted by arrow 
A134. 

[0210] Rg. 21 is a time chart showing a manner in 
which the various data output concurrently from node 1 
(N41) arrive at node 4 (N44) via the respective routes. 
As shown, of all the four types of data to be supplied to 
node 4 (N44), the first-type data (A14) arrives at node 4 
earliest If times required from the processing in node 2 
and node 3 are provisionally represented by a2 and a3, 
respectively, the second-type data (A124) arrives at 
node 4 later than the first-type data (A14) by the time 
a2, the fourth-type data (A134) arrives at node 4 later 
than the first-type data (A14) by the time ad, and the 
third-type data (A1234) arrives at node 4 later than the 
first-type data (A14) by a sum of the times a2 and a3. 
[0211] Node 4 (N44) functioning as the time aligner 
synchronizes these data arriving via the respective 
routes with different time delays and then sends the 
data to node 5 or mixer node (N45) at same timing. The 
time aligner includes buffers, separately provided for 
individual channels to be synchronized, for temporarily 
storing the received data on a channel-by-channel 
basis, and when data having a same data mark have 
been received for all of the channels to be synchro- 
nized, the time aligner sequentially outputs the received 
data of the individual channels which have the same 
data mark. This way. the data output at the same timing 
from node 1 (N41) but arriving at node 4 with non-uni- 
form time delays are properly adjusted or aligned via 
node 4 to same supply timing so that they can be simul- 
taneously supplied from node 4 to node 5 functioning as 
the mixer. 

[0212] Behavior of the individual nodes in the thus- 
arranged network system will be more fully descrfoed 
below with reference to Rgs. 22 to 24. 
[021 3] Fig. 22 is a flow chart explanatory of behavior 
of node 1 (N41) transmitting original data. As shown, 
this node produces data packets by attaching a same 
data mark to each group of transmission data that is to 
be transmitted in a same frame, at step S71. At next 
step S72. the thus-produced data packets with the 
same data mark are transmitted to desired destinations, 
using different channels. For example, channel 1 is 
used for the data packet to be transmitted directly to 
node 4 (N44), channel 2 is used for the data packet to 
be transmitted to node 2 (N42), and channel 3 is used 
for the data packet to be transmitted to node 3 (N43). 
[0214] Rg. 23 is a flow chart showing operation of an 
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ordinary receiving node such as node 2, node 3 or node 
5 (N42, N43 or N45). As shown, the receiving node 
receives the data of the predetermined channel at step 
S81, and then determines at next step S82 whether the 
received data are to be actually processed by the node. 5 
This determination can be made by comparing the 
channel of the received data with a channel preset for 
that receiving node tf the received data are to be actu- 
ally processed by the receiving node as determined at 
next step S82, the node performs a predetermined 10 
process on the data at step S83; for example, if the 
receiving node is node 2, it performs the reverberation 
process on the received data, or if the receiving node is 
node 3, H performs the panning process on the received 
data. The thus-processed data are sent out to the com- 1S 
muriication network. In the event that the received data 
are not to be processed by the receiving node as deter- 
mined at step S82. the receiving node branches to step 
S84 to terminate the operational flow without performing 
any further operation on the received data. 20 
[021 5] Further, Fig. 24 is a flow chart showing opera- 
tion of the above-mentioned time aligner or node 4 
(N44). In this time aligner node, predetermined chan- 
nels to be synchronized are preset via user entry a oth- 
erwise. As shown, the time aligner node receives the 25 
transmitted data at step S31. and then determines at 
next step S32 whether the received data belong to any 
one of tho preset to-be-synchronized channels. If the 
channel of the currently received data is not one of the 
to-be-synchronized channels as determined at step so 
S32. the time aligner node branches to step S35 to ter- 
minate the flow without performing any further operation 
on the received data. 

[0216] If. on the other hand, the channel of the cur- 
rently received data is one of the to-be-synchronized 35 
channels as determined at step S32, then the time 
aligner node proceeds to step S33 to identify the data 
mark attached to the received data packet and ascer- 
tain whether all the data packets with the same data 
mark have already been stored in respective buffers 40 
provided for the to-be-synchronized channels other than 
the channel of the currently received data packet If 
answered in the affirmative (YES), it means that the cur- 
rently received data packet has arrived at the time 
aligner node latest of all the packets with the same data 45 
mark, so that the node moves on to step S34 in order to 
output all of the data with the same data mark, now 
stored in the buffers associated with the to-be-synchro- 
nized channels, in ascending order of channel number. 
In this manner, ail of the data with the same data mark, so 
having arrived at this time aligner node a node 4 via dif- 
ferent routes, can be output to node 5 (N45) concur- 
rently at same timing. 

[021 7] If, on the other hand, the data packets with the 
same data mark have not yet been stored in all the buff- 55 
ers, a negative (NO) determination is made at step S33 
and the currently received data are stored into the buffer 
associated with the channel of the data at step S36. 



Note that these buffers are provided to store the packets 
of the corresponding channels on the frame-by-frame 
basis, because it is possfcle that packets of the individ- 
ual channels sent in a current frame arrive before arrival 
of all packets of a preceding frame. 
[0218] In the foregoing manner, data packets arriving 
at different times can be adjusted or aligned by the time 
aligner node so as to be output at same timing. 
[0219] Although node 4 (N44) in the fourth emtxxfi- 
ment has been descrtoed above as only functioning as 
the time aligner, this is just illustrative, and the time 
aligning function may be allocated to any of the other 
ordinary nodes; for example, node 5 (N45) may be 
arranged to perform the time aligning function. How- 
ever, it is desirable that the time aligner be positioned 
immediately before the output nod* 
[0220] Further, whereas the embodiment has been 
described in relation to the case where predetermined 
data transmission channels are preset for the individual 
nodes, the present invention is not so limited; for exam- 
ple, each data packet may be arranged to contain desti- 
nation data specifying a particular node to which the 
data are to be transmitted so that each of the nodes can 
determine, from the destination data, whether or not the 
data packet is the one that should be received by that 
node. 

[0221 ] Moreover, whereas the embodiment has been 
described above in relation to a communication network 
based on the IEEE 1394 bus system, the present inven- 
tion may be applied to networks based on any other 
suitable interfaces. 

[0222] In addition, whereas the embodiment has been 
described above in relation to a tone generating appara- 
tus, it should be obvious that the present invention is 
also applicable to transmission of data whose accurate 
reproducfoilrty on the time axis is to be guaranteed or 
which have to be synchronized with each other. 
[0223] As may be apparent from the foregoing, the 
network data synchronizing method and system in 
accordance with the fourth embodiment of the invention 
provides for accurate synchronization of various data 
transmitted via a plurality of routes on a communication 
network. 

[0224] ft is important to note that all of the above- 
described embodiments of the invention are. of course, 
also applicable to transmission, via the Internet of 
audio data and a variety of other data whose accurate 
reproducibility on the time axis is to be guaranteed or 
which have to be synchronized with each other. 
[0225] Finally, it is also important to note that software 
products, such as recording media containing software 
programs relating to the data transmission and/or data 
reception processing that has been described above as 
being implemented using software, are also within the 
scope of the present invention. 
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Claims 

1. A data communication method comprising the 
steps of: 

5 

(a) at a transmitting end, 

supplying a plurafity of data arranged in a 
time series of a predetermined period; 
specifying one data from among every pre- 10 
determined number, not smaller than two, 
of the data suppSed by said step of supply- 
ing, and attaching to the specified data 
time information indicative of a time posi- 
tion of the specified data; and is 
transmitting the predetermined number of 
the data suppfied by said step of supplying 
arid the time information attached to any of 
the predetermined number of the data, 
together as a packet to a communication 20 
network, and 

(b) at a receiving end, 

receiving said packet via the communica- 2s 
tion network; 

temporarily storing the data contained in 
the received packet; and 
sequentially reading out the temporarily 
stored data and controlling sequential rea- so 
dout of the temporarily stored data on the 
basis of the time information contained in 
the received packet, to thereby allow the 
readout data to be reproduced with a 
period corresponding to said predeter- 35 
mined period. 

2. A data communication method comprising the 
steps of: 

40 

(a) at a transmitting end, 

supplying a plurality of data arranged in a 
time series of first period; 
specifying one data from among every pre- 45 
determined number, not smaller than two. 
of the data supplied by said step of supply- 
ing and attaching to the specified data time 
information indicative of a time position of 
the specified data; and so 
every predetermined second period longer 
than said first period, transmitting the sup- 
plied data within a given cycle of said sec- 
ond period and the time information 
attached to any of the predetermined 55 
number of the data, together as a packet, 
to a communication network and 



(b) at a receiving end. 

receiving said packet via the communica- 
tion network; 

temporarily storing the data contained in 
the received packet; and 
sequentially reading out the temporarily 
stored data and controlling sequential rea- 
dout of the temporarily stored data on the 
basis of the time information contained In 
the received packet, to thereby allow the 
read-out data to be reproduced with a 
period corresponding to said first period. 

3. A data communication method comprising the 
steps of: 

supplying a plurality of data arranged in a time 
series of first period; 

specifying one data from among every prede- 
termined number, not smaller than two, of the 
data supplied by said step of supplying and 
attaching to the specified data time information 
incficative of a time position of the specified 
data; and 

every predetermined second period longer 
than said first period, transmitting, via a com- 
munication network, the predetermined 
number of the data supplied within a given 
cycle of said second period as a packet, 
together with the time information when any 
one of the data contained in said packet has 
the time information attached thereto. 

4. A system for communicating data between a trans - 
mrtting-end unit and a receiving-end unit via a com- 
munication network, 

(a) said transmrtting-end unit including: 

a supply section that supplies a plurality of 
data arranged in a time series of a prede- 
termined period; 

a section that specifies one data from 
among every predetermined number, not 
smaller than two, of the data supplied by 
said supply section and attaches to the 
specified data time information indicative 
of a time position of the specified data; and 
a section that transmits the predetermined 
number of the data and the time informa- 
tion attached to any of the predetermined 
number of the data, together as a packet, 
to the communication network, and 

(b) said receiving-end unit including: 

a section that receives said packet via the 
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communication network; 

a storage section that temporarily stores 

the data contained in the received packet 

and 

a section that sequentially reads out the 5 
temporarily stored data and controls 
sequential readout of the temporarily 
stored data on the basis of the time infor- 
mation contained in the received packet, to 
thereby allow the read-out data to be ro 
reproduced with a period corresponding to 
said predetermined period. 

5. A system for communicating data between a trans- 

mrtting-end unit and a receiving-end unit via a com- is 7. 
munication network, 

(a) said transmitting -end unit including: 

a supply section supplying a plurality of 20 
data arranged in a time series of first 
period; 

a section that specifies one data from 
among every predetermined number, not 
smaller than two. of the data supplied by 25 
said supply section and attaches to the 
specified data time information indicative 
of a time position of the specified data; and 
a section that every predetermined sec- 
ond period longer than said first period, so 
transmits the predetermined number of the 
data supplied within a given cycle of said 
second period and the time information 
attached to any of the predetermined 8. 
number of the data, together as a packet 35 
to the communication network, and 

(b) said receiving-end unit: 

a section that receives said packet via the 40 

communication network; 

a storage section that temporarily stores 

the data contained in the received packet 

and 

a section that sequentially reads out the 45 
temporarily stored data and controls 
sequential readout of the temporarily 
stored data on the basis of the time infor- 
mation contained in the received packet, to 
thereby allow the read-out data to be so 
reproduced with a period corresponding to 
said first period. 



6. A data communication system comprising : 

a supply section that supplies a plurality of data 

arranged in a time series of first period; 

a section that specifies one data from among 
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every predetermined number, not smaller than 
twa of the data supplied by said supply section 
and attaches to the specified data time infor- 
mation indicative of a time position of the spec- 
ified data; and 

a section that every predetermined second 
period longer than said first period, transmits, 
via a communication network, the predeter- 
mined number of the data supplied within a 
given cycle of said second period as a packet 
together with the time information when any 
one of the data contained in said packet has 
tne time information attached thereto, 

A machine-readable recording medium containing 
a group of instructions defining a data transmitting 
computer program, said data transmitting computer 
program comprising the steps of : 

supplying a plurality of data arranged in a time 
series of a predetermined period; 
specifying one data from among every prede- 
termined number, not smaller than two, of the 
data supplied by said step of supplying and 
attaching to the specified data time information 
indicative of a time position of the specified 
data; and 

transmitting the predetermined number of the 
data and the time information attached to any 
of the predetermined number of the data, 
together as a packet to a communication net- 
work. 

A machine-readable recording medium containing 
a croup of instructions defining a data transmitting 
computer program, said data transmitting computer 
program comprising the steps of: 

supplying a plurality of data arranged in a time 
series of first period; 

specifying one data from among every prede- 
termined number, not smaller than two, of the 
data supplied by said step of supplying and 
attaching to the specified data time information 
irxficative of a time position of the specified 
data; and 

every predetermined second period longer 
than said first period, transmitting the predeter- 
mined number of the data supplied within a 
given cycle of said second period and the time 
information attached to any of the predeter- 
mined number of the data, together as a 
packet to a communication network. 

A machine-readable recording medium containing 
a group of instructions defining a data transmitting 
computer program, said data transmitting computer 
program comprising the steps of: 
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supplying a plurality of data a/ranged in a time 
series of first period; 

specifying one data from among every prede- 
termined number, not smaller than two, of the 
data supplied by said step of supplying and s 
attaching to the specified data time information 
indicative of a time position of the specified 
data; and 

every predetermined second period longer 
than said first period, transmitting, via a com- 10 
munication network, the predetermined 
number of the data supplied within a given 
cycle of said second period as a packet 
together with the time information when any 
one of the data contained in said packet has 15 
the time information attached thereto. 



10. A machine-readable recording medium containing 
a group of instructions defining a data receiving 
computer program for receiving data transmitted via so 
a communication network, every predetermined 
number, not smaller than two, of the data transmit- 
ted via the communication network being formed as 

a packet of data, time information being attached to 
the- packet of data to indicate a time position of at 2$ 
least a particular one of the data contained in the 
packet, said computer program comprising the 
steps of: 

receiving said packet via the communication so 
network; 

temporarily storing the data contained in the 
received packet; and 

sequentially reading out the temporarily stored 
data and controlling sequential readout of the 35 
temporarily stored data on the basis of the time 
information contained in the received packet to 
thereby allow the read-out data to be repro- 
duced with a period corresponding to said pre- 
determined period. 40 

11. A data transmitter device for sending data to be 
transmitted, having attached thereto a time stamp 
represented as a difference from a first timing sig- 
nal having a predetermined period, to a communi- 45 
cation network on the basis of a second timing 
signal generated in accordance with said first timing 
signal, 

characterized in that said data transmitter 
device includes a FIFO buffer and writes said data so 
to be transmitted into said FIFO buffer on the basis 
of said first timing signal, and 

that said data transmitter device retrieves 
said data to be transmitted from said FIFO buffer on 
the basis of said second timing signal and then 55 
sends the retrieved data to said communication net- 
work 



12. A data receiver device for receiving data having 
attached thereto a time stamp represented as a dif- 
ference from a first timing signal having a predeter- 
mined period and transmitted to a axrvnunication 
network on the basis of a second timing signal gen- 
erated in accordance with said first timing signal, 

characterized in that said data receiver 
device includes a FIFO buffer and writes the data 
received via the communication network into said 
FIFO buffer on the basis of said second timing sig- 
nal, and 

that said data receiver device retrieves the 
received data from said FIFO buffer on the basis of 
said first timing signal and reproduces the retrieved 
data on a time axis on the basis of the time stamp 
attached thereto. 

13. A data communication system comprising a data 
transmitter device and a data receiver device and 
where data communication on a communication 
network is controlled on the basis of a second tim- 
ing signal generated in accordance with a first tim- 
ing signal having a predetermined period. 

characterized in that said data transmitter 
device attaches a time stamp, represented as a dif- 
ference from said first timing signal, to data to be 
transmitted, writes said data with the time stamp 
into a first FIFO buffer on the basis of said first tim- 
ing signal, and retrieves said data to be transmitted 
from said first FIFO buffer on the basis of said sec- 
ond timing signal and sends the retrieved data to 
the communication network, and 

that said data receiver device receives and 
writes the data, sent by said data transmitter device 
to the communication network, into a second FIFO 
buffer on the basis of said second timing signal, 
then retrieves the data from said second FIFO 
buffer on the basis of said first timing signal and 
reproduces the retrieved data on a time axis on the 
basis of the time stamp. 

14. A data communication method for communicating 
data between a data transmitting end and a data 
receiving end via a communication network, said 
data communication method comprising the steps 

of: 

(a) at said data transmitting end, 

attaching time stamp information, repre- 
sented as a difference from a first timing 
signal having a predetermined period, to 
data to be transmitted; 
writing said data with the time stamp infor- 
mation into a first buffer on the basis of 
said first timing signal; 
generating a second timing signal in 
accordance with said first timing signal; 
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and 

retrieving said data to be transmitted from 
said first buffer on the basis of said second 
timing signal and sending the retrieved 
data to the commu ni c a tion network, and s 

(b) at said data receiving end, 

receiving said data via the communication 
network and writing the received data into w 
a second buffer on the basis of said sec- 
ond timing signal; 

retrieving the received data from said sec- 
ond buffer on the basis of a third timing sig- 
nal having a same period as said first is 
timing signal; and 

reproducing the data, retrieved from said 
second buffer, on a time axis on the basts 
of the time stamp information attached to 
the data. 20 

15. A machine-readable recording medium containing 
a group of instructions defining a data transmitting 
computer program, said data transmitting computer 
program comprising the steps of: 25 

attaching time stamp information, represented 
as a difference from a first timing signal having 
a predetermined period, to data to be transmit- 
ted; 30 
writing said data with the time stamp informa- 
tion into a first buffer on the basis of said first 
timing signal; 

generating a second timing signal in accord- 
ance with said first timing signal; and 35 
retrieving said data from said first buffer on the 
basts of said second timing signal and sending 
the retrieved data to a communication network. 

16. A recording medium readable by said machine as 40 
recited in claim 15 and containing a group of 
instructions defining a data receiving computer pro- 
gram, said data receiving computer program com- 
prising the steps of: 

45 

receiving data via the communication network 
and writing the received data into a second 
buffer on the basis of said second timing signal; 
retrieving the received data from said second 
buffer on the basis of a third timing signal hav- so 
ing a same period as said first timing signal; 
and 

reproducing the data, retrieved from said sec- 
ond buffer, on a time axis on the basis of the 
time stamp information attached to the data. 55 

17. A data transfer system for use in a communication 
scheme where there are performed both iso- 



chronous communication that using nominally-set 
cycles and bands reserved in corresponding rela- 
tion to individual ones of the cycles, transmits data 
following transmission of a cycle start packet and 
asynchronous packet communication that transmits 
data using a remaining period of the cycle, a sum of 
a necessary period for the isochronous communi- 
cation and a necessary period for the asynchro- 
nous packet communication being allowed to 
exceed the period of the cycle. 

characterized in that upon reception of the 
data having attached thereto a reproducing time 
stamp indicative of a specif ic data-reproducing time 
point a delay time of the received data is detected 
on the basis of the cycle start packet which the 
received data belong to. 

that a time value, obtained by adding one 
period time length of the cycle and the detected 
delay time to a time value of a start point of the 
cycle which the cycle start packet belongs to. is 
attached to the received data as a transferring time 
stamp, and 

that when time represented by the transfer- 
ring time stamp has arrived or lapsed, preparations 
are made for transferring the received data. 

18. A data transfer system as recited in claim 17 
wherein a bridge inserted in a communication net- 
work receives the data from a given segment, and 
wherein when time represented by the transferring 
time stamp has arrived or lapsed, said bridge trans- 
fers the received data to a wait buffer, and when a 
predetermined cycle start packet is sent out to 
another segment, said bridge transfers the received 
data from said wait buffer to a transmission buffer to 
transmit the data to the other segment. 

19. A data transfer system as recited in claim 17 
wherein said reproducing time stamp is indicative of 
a relative time position within the cycle, 

wherein said reproducing time stamp is 
replaced with a new time stamp that is obtained by 
adding one period time length of the cycle to the 
time value of the start point of the cycle which the 
cycle start packet, preceding the received data, 
belongs to. and 

wherein an operation for reproducing the 
received data is performed when time represented 
by the new time stamp has arrived or lapsed. 

20. A machine-readable recording medium containing 
a group of instructions defining a data transferring 
computer program for use in a communication 
scheme where there are performed both iso- 
chronous communication that, using nominally-set 
cycles and bands reserved in corresponding rela- 
tion to individual ones of the cycles, transmits data 
following transmission of a cycle start packet and 
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asynchronous packet communication that transmits 
data using a remaining period of the cycle, a sum of 
a necessary period for the isochronous communi- 
cation and a necessary period for the asynchro- 
nous packet communicatkxi being allowed to 5 
exceed the period of the cycle, said data transfer- 
ring computer program comprising the steps of: 

upon reception of the data having attached 
thereto a reproducing time stamp indicative of 10 
a specific data-reproducing time point detect- 
ing a delay time of the received data on the 
basis of the cycle start packet which the 
received data belong to, 

attaching, to the received data, a time value is 
that is obtained by adding one period time 
length of the cycle and the detected delay time 
to a time value of a start point of the cycle 
which the cycle start packet belongs to. as a 
transferring time stamp, and 20 
when time represented by the transferring time 
stamp has arrived or lapsed, making prepara- 
tions for transferring the received data 

21. A method of synchronizing a plurality of data trans- 25 
mitted to a communication network having a plural- 
ity of nodes connected thereto, 

characterized in that one of the nodes, des- 
ignated to transmit a plurality of data to be synchro- 
nized, attaches a predetermined data mark to the so 
data and sends the data with the data mark to the 
communication network, and 

that another of the nodes, having received 
the data via the communication network, synchro- 
nizes the received data by reference to the data 35 
mark attached thereto. 

22. A device for synchronizing a plurality of data trans- 
mitted to a communication network having a plural- 
ity of nodes connected thereto, 40 

characterized in that on the basis of a data 
mark contained in the data received via the commu- 
nication network, said device synchronizes a group 
of the data that has the same data mark attached 
thereto. 45 

23. A node connected to a communication network and 
having a function of said device for synchronizing a 
plurality of data transmitted to a communication 
network as recited in daim 1 8. so 

24. A machine-readable recording medium containing 
a group of instructions defining a program for exe- 
cuting a method of synchronizing a plurality of data 
transmitted to a communication network having a 55 
plurality of nodes connected thereto, said program 
comprising the steps of: 



causing one of the nodes, designated to trans- 
mit a plurality of data to be synchronized, to 
attach a predetermined data mark to the data 
and send the data with the data mark to the 
communication network, and 
causing another of the nodes, having received 
the data via the communication network, to 
synchronize the received data by reference to 
the data mark. 
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